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Fore  wan 


Alaska's  status  as  a  sparsely  populated,  under-u 
the  continent  is  rapidly  changing.  Wildlife  managers 
denly  confronted  with  the  need  to  understand  the  pote 
pressure  to  influence  wildlife  populations.  The  purp 
help  us  meet  our  responsibility  in  the  preservation  a 
black-tailed  deer  (Odoc.oTJLe.uA  ke.nu.onuA  tiX\ie.nAiA)  and 


NATIONAL 


LIBRARY 


While  the  conference  was  conceptualized  as  a  forum  through  which  we  Alaskans 
could  address  our  concerns,  findings,  and  theories  to  an  assemblage  of  persons  with 
relevant  experience  and  expertise,  it  was  structured  in  that  some  of  the  local  and 
visiting  participants  were  asked  to  open  the  issues  with  prepared  presentations  and 
to  submit  papers  paralleling  those  presentations  for  inclusions  in  printed  proceedings. 
Some  papers  do  not  deal  specifically  with  Sitka  blacktails,  but  they  were  invited  to 
provide  background  knowledge  that  the  conference  planners  considered  important.  The 
proceedings  unfortunately  omit  the  productive  and  often  provocative  debate  stimulated 
by  the  presentations,  but  they  give  the  participants  a  reference  base  for  pursuing  the 
issues  that  arose.  Further,  these  proceedings  represent  the  first  comprehensive 
technical  publication  devoted  to  the  ecology  of  this  subspecies  and  management  prob¬ 
lems  associated  with  it. 


The  concept  of  the  conference  originated  with  William  L.  Sheridan  of  the  Forest 
Service  -  Alaska  Region's  Division  of  Fisheries  and  Wildlife  Management.  Planning  and 
arrangements  were  largely  carried  out  by  Ron  Burraychak  of  the  same  office.  The 
undersigned  accepted  the  task  of  assembling  manuscripts  for  the  proceedings  and  com¬ 
municating  with  authors  to  ensure  that  the  minimal  editing  met  their  acceptance. 

Information  presented  by  some  may  be  interpreted  differently  by  others.  But  none 
of  us  has  an  unimpeachable  claim  to  omniscience,  so  it  is  more  useful  for  the  findings 
and  conclusions  of  each  to  be  considered  by  the  wider  audience  that  will  be  involved 
in  the  ultimate  fate  of  Sitka  blacktails  and  the  audience  of  professional  specialists 
who  may,  and  are  eagerly  invited  to,  share  their  knowledge  with  us. 


Olof  C.  Wal Imo 
John  W.  Schoen 
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Sitka  Black- tailed  Been 

Proceedings  of  a  Conference 
In  Juneau,  Alaska" 


Introduction 

Opening  of  the  Conference 


The  opening  session  of  the  conference  was  planned  so  that  agency  officials 
could  explain  the  administrative  setting  in  which  the  management  of  deer  and  their 
habitats  is  conducted  in  southeast  Alaska.  Agency  programs  were  presented  by  John  A. 
Sandor,  Alaska  Regional  Forester,  USDA  Forest  Service;  Robert  A.  Rausch,  Director, 
Division  of  Game,  Alaska  Department  of  Fish  and  Game;  and  Donald  L.  Schmiege,  Program 
Leader,  Pacific  Northwest  Forest  and  Range  Experiment  Station,  USDA  Forest  Service. 

For  the  clarification  of  foreign  and  other  readers,  the  administrative  setting 
in  southeast  Alaska  places  authority  under  two  agencies.  The  responsibility  of  pre¬ 
serving  and  managing  wildlife  habitats  on  National  Forest  System  land  is  placed  with 
the  USDA  Forest  Service,  Alaska  Region,  with  research  activities  conducted  largely  by 
the  USDA  Forest  Service,  Pacific  Northwest  Forest  and  Range  Experiment  Station.  And, 
the  responsibility  of  managing  wildlife  populations  is  placed  with  the  State  of 
Alaska,  Department  of  Fish  and  Game,  Division  of  Game. 

In  this  introductory  section,  D.E.  McKnight  reviews  the  background  knowledge 
which  guides  the  management  of  deer.  W.L.  Sheridan  discusses  the  Forest  Service 
program  for  managing  wildlife  habitat. 


*Held  at  Juneau,  Alaska,  U.S.A.,  on  February  22-24,  1978,  under  the  sponsorship 
of  the  State  of  Alaska,  Department  of  Fish  and  Game,  and  the  U.S.  Department  of 
Agriculture,  Forest  Service,  Alaska  Region. 

^Edited  by  Olof  C.  Wallmo  of  the  USDA  Forest  Service  and  John  W.  Schoen  of  the 
Alaska  Department  of  Fish  and  Game. 


The  History  of  Deer  Research  in  Alaska 


by 


Donald  E.  McKnight, 

Game  Research  Chief, 

Alaska  Department  of  Fish  and  Game 


I  yvtyw  duetto  n 


When  I  started  reviewing  information  gathered  on  Sitka  black-tailed  deer  in 
Alaska,  it  was  evident  that  few  formal  research  studies  had  been  conducted  on  this 
subspecies  or  its  habitat.  Instead,  the  information  base  upon  which  it  is  now 
managed  has  been  developed  largely  through  trial -and-error  application  of  techniques 
developed  elsewhere.  Our  understanding  of  this  animal  would  be  poor  indeed  had  it 
not  been  for  the  perseverance  of  a  few  astute,  wel 1 -trai ned ,  dedicated  individuals 
relying  primarily  upon  their  interpretation  of  personal  observations  and  observations 
of  laymen,  weighted  heavily  with  intuition. 

To  mention  only  those  studies  which  would  currently  meet  our  collective 
standards  for  research  would  be  to  ignore  the  bulk  of  this  information  base. 
Consequently,  I  will  treat  briefly  all  information  gathering  activities  dealing  with 
deer  and  deer  habitat  which  have  occurred  in  Alaska  since  1951  when  formal  biological 
studies  of  deer  under  the  Federal  Aid  in  Wildlife  Restoration  Act  began.  For  conven¬ 
ience  of  presentation,  I  have  segregated  these  investigations  into  three  time  periods 
--from  1951  to  statehood  (1960),  from  1960  to  1970  (the  first  decade  of  State  manage¬ 
ment),  and  from  1970  to  the  present  (1977). 


ReAe.aAch  Conducted  Phlon  to  Statehood 


Population  Uudl(u>--The  first  formally  reported  studies  of  deer  populations  were 
those  of  Sigurd  Olson  in  1951  [Nelson,  1951].  In  his  quarterly  reports  for  that  year, 
Olson  reported  several  observations  on  fall  movements  of  deer  in  relation  to  snow 
accumulations.  The  next  year,  Olson  [Nelson,  1952]  reported  observations  on  fawning 
rates  and  spring  movements  from  wintering  areas.  Fie  also  reported  preliminary  efforts 
to  improve  procedures  for  measuring  harvests  and  hunting  pressure  through  use  of  a 
hunter  questionnaire  administered  in  winter  1952.  Already  recognizing  implications  of 
winter-induced  mortality,  Olson  conducted  spring  surveys  to  determine  where  winter 
deer  mortality  occurred  in  relation  to  the  beach  and  found  that  winter-killed 


carcasses  were  almost  entirely  restricted  to  the  beach  fringe.  He  also  collected 
pelvises  and  skulls  of  winter-killed  deer  in  an  effort  to  develop  a  technique  for 
distinguishing  the  sex  of  these  deer  on  the  basis  of  pelvic  characteristics .  Olson 
reported  that  sex  of  adults  could  be  determined  from  the  size  and  shape  of  the  pelvis; 
the  shape  of  the  symphysis  of  the  ishium  distinguishes  the  sexes.  Sex  of  fawns  could 
not  be  distinguished  using  characteristics  of  the  pelvic  girdle  alone,  however.  Olson 
established  many  of  the  winter  mortality  transects  in  1952  which  are  still  our  major 
source  of  information  on  winter  mortality. 

In  1953,  Olson  intensified  his  efforts  to  gather  and  analyze  data  on  hunter 
harvests.  Using  a  questionnaire  in  southeastern  Alaskan  communities,  he  determined 
the  magnitude  of  the  harvest,  analyzed  distribution  of  hunting  pressures,  and  computed 
hunter  success  ratios  [Nelson,  1953].  Through  contact  with  successful  hunters,  Olson 
gathered  information  correlating  antler  development  with  age  of  the  animal  and 
assessed  the  weight  and  physical  condition  of  harvested  animals.  Magnitude  and  sex 
and  age  composition  of  winter  mortalities  were  determined  using  the  standardized 
transects  established  in  1952. 

Efforts  in  1954  were  similar  to  those  in  1953.  But  in  January  1955,  attempts 
were  made  to  trap,  mark,  and  release  deer  on  Kupreanof  Island  [Nelson,  1955].  Five 
animals  were  captured  that  month.  Winter  mortality  surveys  were  continued  in  1955, 
as  were  harvest  surveys.  Also  in  1955,  Olson,  in  an  initial  attempt  to  census  deer 
in  Southeast,  conducted  winter  beach  counts  from  the  air  and  from  small  skiffs. 

David  Klein,  who  had  begun  work  for  the  U.S.  Fish  and  Wildlife  Service  during 
1954,  reported  trapping  and  ear-tagging  14  deer  during  winter  1955-56  [Nelson,  1956]. 
In  1956,  Klein  conducted  composition  counts  from  the  time  of  fawning  through  fall  in 
an  attempt  to  document  fawn  losses.  He  also  continued  beach  counts  from  the  air  and 
from  ski ffs . 

In  1957,  Klein  selected  and  established  what  he  termed  "Representative  Manage¬ 
ment  Index  Areas"  for  deer  in  Southeast.  Essentially,  this  was  a  process  of  system¬ 
atizing  some  of  the  previous  surveys  and  incorporating  new  range  surveys  into  a  stan¬ 
dard  procedure  for  analyzing  herd  trends,  harvests,  and  range  quality.  Klein  used 
winter  beach  counts  of  live  deer  made  from  airplanes  and  boats,  spring  beach  transect 
counts  of  winter-killed  deer,  and  intensive  surveys  of  hunter  harvests  to  analyze 
herd  condition.  He  also  conducted  studies  of  fawn/adult  ratios  during  fall  and 
winter  to  determine  productivity  of  the  herd  and  overwinteri ng  fawn  survival  [Klein, 
1957].  To  develop  a  technique  for  determining  herd  welfare  and  range  conditions  on 
the  basis  of  harvested  animals,  Klein  measured  hunter-killed  deer  and  found  that 
there  was  a  correlation  between  hind  foot  measurements  and  range  conditions  [Klein, 
1957].  Klein's  studies  of  harvests  and  winter  mortality  patterns  continued  through 
1959,  although  he  apparently  ceased  all  tagging  efforts  and  censuses  of  live  deer. 

Harvest  studies  in  1958  were  intensified  to  provide  insight  into  the  chronolog¬ 
ical  distribution  of  the  deer  harvest.  Efforts  that  year  also  revealed  that  many 
bucks,  at  least  in  the  northern  parts  of  southeast  Alaska,  did  not  grow  visible 
antlers  until  their  third  spring  [Klein,  1958].  In  fact,  about  a  third  of  the 
"anterless"  deer  shot  by  Juneau  hunters  in  1958  were  1 -1 /2-year-ol d  bucks.  In  1959, 
Klein  listed  the  parasites  known  to  occur  in  Sitka  black-tailed  deer  as  well  as 
reporting  his  then-routine  population  studies. 

Range.  6tucUeA--The  earliest  documented  surveys  designed  to  assess  range  condi¬ 
tions  for  Sitka  black-tailed  deer  were  those  by  Olson  in  1953  [Nelson,  1953],  He 
(and  Klein  beginning  in  1955)  apparently  established  and  read  transects  designed  to 
assess  the  degree  of  use  of  key  browse  species  following  winter  use.  In  1956,  Klein 
expanded  these  efforts  by  initiating  a  study  of  the  nutritive  quality  of  various  deer 
browse  species  [Nelson,  1956].  As  part  of  his  efforts  in  1957  to  standardize 
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procedures  for  assessing  population  trends  and  range  conditions,  Klein  established 
permanent  range  plots  and  exclosures  in  17  different  sites  [Klein,  1957].  He  also 
established  permanent  browse  inventory  transects  in  each  Deer  Management  Index  Area. 
Using  the  line-intercept  technique,  Klein  recorded  the  percentage  of  use  and  the  vigor 
of  browse  plants  along  these  transects.  The  transects  were  read  annually  through  at 
least  1966. 


R 2AzoacJ\  Conducted  fiaom  1959  through  1970 


Population  6tadiet--Fo] lowing  transfer  of  wildlife  management  authority  to  the 
State  of  Alaska  in  1959,  deer  investigations  initially  remained  essentially  unchanged 
[ADF&G,  I960].  Winter  beach  counts  from  airplanes  and  boats  continued  as  did  the 
winter  mortality  surveys  initiated  by  Olson  in  1952.  Harry  Merriam,  the  State's  new 
deer  biologist  in  Petersburg,  initiated  fall,  aerial,  alpine  composition  counts  and 
forest  counts  to  augment  numerical  data  from  winter  beach  counts,  although  the  forest 
counts  were  discontinued  after  1  year.  In  1959,  Merriam  also  expanded  data  collec¬ 
tions  on  deer  harvests  by  conducting  personal  interviews  with  hunters  and  by  collect¬ 
ing  jaws  from  successful  hunters  for  use  in  determining  age  composition  of  harvested 
animals  [ADF&G,  I960]. 

These  studies  continued  through  1960,  but  they  were  expanded  to  include  Prince 
William  Sound's  transplanted  deer  population  [ADF&G,  1961],  There,  meat  processors 
were  contacted,  and  a  temporary  employee  was  hired  to  check  hunters  in  the  field  in  an 
effort  to  augment  harvest  information  gathered  through  questionnaires.  In  southeastern 
Alaska,  the  State's  parasitologist,  Ken  Neiland,  reviewed  parasitism  in  deer  and  pro¬ 
claimed  it  to  be  "light."  Paul  G.  Garceau,  another  State  biologist  in  southeastern 
Alaska,  analyzed  wolf  scats  collected  in  1958  and  found  that  95.5  percent  contained 
deer  remains  [ADF&G,  1961].  Merriam  measured  metacarpal  bones  of  harvested  deer  and 
found  that  their  length  was  related  to  the  sex  and  age  of  the  animal.  Early  in  1960, 
results  of  the  studies  on  deer  mortality  patterns  conducted  by  Olson  and  Klein  from 
1952  until  1958  were  published  [Klein  and  Olson,  I960].  With  the  goal  of  assessing 
the  effect  of  wolf  predation  on  a  deer  population  which  had  not  previously  been  sub¬ 
jected  to  predation,  4  wolves  approximately  19  months  old  (2  males  and  2  females)  were 
released  in  October,  1960  on  Coronation  Island  in  southeastern  Alaska  [Merriam,  1965a]. 
An  estimate  was  made  of  the  deer  population  on  this  Island,  and  vegetation  transects 
were  established  and  read  to  provide  an  opportunity  to  measure  future  vegetational 
changes  resulting  from  lowered  deer  numbers  [Merriam,  1965b]. 

Deer  investigations  in  1962  and  1963,  in  addition  to  the  standard  procedures 
developed  earlier,  were  expanded  to  include  population  data  from  counts  conducted 
along  the  Mitkof  Highway  [Merriam,  1963].  Merriam  [1962]  evaluated  succinyl chol ine 
chloride  administered  with  a  crossbow  as  an  immobilization  technique  and  individually 
ear-tagged  28  deer  during  winter  1962.  Some  reproductive  tracts  were  collected  in 

1962  for  future  analysis  [Merriam,  1963].  Also  in  1962,  interviews  were  used  in 
southeastern  Alaska  and  on  Kodiak  Island  to  assess  harvest  [Merriam,  1963],  but  in 

1963  the  Kodiak  biologist  began  to  use  a  postal  survey  for  harvest  assessments 
[Merriam  and  Batchler,  1963]. 

As  part  of  their  continuing  effort  to  develop  techniques  for  assessing  deer 
numbers,  biologists  on  Kodiak  Island  conducted  experimental  aerial  surveys  of  ran¬ 
domly  selected  plots  in  deer  wintering  areas  and  attempted  track  counts  on  other  parts 
of  the  Island  in  1963  [Merriam,  1965b].  Use  of  these  techniques  was  discontinued 
after  several  years.  In  1964,  initial  attempts  were  made  to  assess  deer  numbers  using 
pellet  group  counts  in  Prince  William  Sound  and  southeastern  Alaska  [Merriam,  1965]. 
Transects  were  established  in  1964  and  read  that  year,  in  1965,  and  again  in  1966,  at 
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which  time  the  value  of  this  technique  was  determined  to  be  questionable  because  of 
the  slow  and  variable  rate  of  pellet  decomposition  [Merriam,  1966]. 

By  1964,  the  wolves  on  Coronation  Island  had  increased  to  about  12  animals  (an 
additional  adult  female  had  been  released  in  1963).  Their  influence  on  the  island's 
deer  population  was  obvious  by  this  time,  and  the  vegetation  on  Coronation  Island  was 
already  reflecting  improvement  as  a  result  of  decreased  browsing  pressure  [Merriam, 
1965a]. 

Noteworthy  new  activities  conducted  or  initiated  in  1965  were  the  collection  of 
stomach  samples  for  food  habits  analysis,  collection  of  reproductive  tracts,  and 
observation  of  deer  feeding  on  Kodiak  Island  [Merriam,  1966].  Based  on  the  latter 
observations,  it  was  determined  that  fi reweed  (EpaZoblum  anguAtifiotluni)  was  an  impor¬ 
tant  deer  food  during  the  summer  months  on  Kodiak.  Also  during  1965,  aerial  alpine 
surveys  were  continued  on  Kodiak  Island  and  in  Prince  William  Sound;  hunter  interviews 
were  conducted  statewide  to  assess  deer  harvests.  In  1966,  these  studies  were  con¬ 
tinued  with  the  exception  that  aerial  surveys  at  Kodiak  were  conducted  in  winter 
rather  than  in  the  alpine  during  summer  [Merriam,  1967].  Merriam,  reporting  in  1967, 
analyzed  14  recoveries  from  deer  tagged  from  1952  through  1965.  All  of  these  deer 
were  recovered  within  a  few  miles  of  the  tagging  site. 

Population  studies  from  1967  through  1969  continued  with  little  deviation  from 
techniques  used  in  prior  years.  In  1967,  however,  a  sample  of  deer  jaws  w as  collected 
from  hunter  kills  in  an  attempt  to  determine  the  utility  of  sectioning  incisors  for 
age  determination  [Merriam,  1968].  Although  no  report  of  findings  could  be  found,  I 
understand  [Merriam,  personal  communication]  that  cementum  layers  were  correlated  to 
the  age  of  deer  on  Kodiak  Island  and  tooth  sectioning  appeared  at  first  to  be  a  useful 
technique  for  age  determination.  However,  it  was  later  determined  that  application  of 
this  technique  to  southeastern  provided  unreliable  results. 

On  the  basis  of  his  personal  experience  and  the  accumulated  knowledge  of  that 
time,  Merriam  [1968]  concluded  that  the  best  index  of  deer  population  levels  was  a 
combination  of  data  showing  hunter  success/unit  effort,  winter  mortality,  range. use, 
and  age  composition  of  harvested  deer.  He  also  concluded  that  winter  severity  is  the 
major  limiting  factor  to  deer  populations  in  Alaska.  This  interpretation  had  been 
alluded  to  in  the  reports  of  several  of  his  predecessors  and  by  Merriam  in  earlier 
reports,  but  this  seems  to  be  the  first  time  that  these  concepts  were  clearly 
presented.  Merriam  reiterated  these  concepts  in  his  report  on  1969  studies  and  in  a 
paper  presented  at  the  northwest  section  of  the  Wildlife  Society  in  197CL  Perhaps 
they  were  most  clearly  expressed  in  the  following  excerpts  from  Merriam  [1971b]. 

"Since  1964  average  winter  temperature  was  lower  than  for 
many  preceding  years,  deer  losses  were  higher  and  hunter  success 
poorer.  Hunting  is  not  considered  sufficiently  intensive  to 
control  deer  populations  in  Alaska.  Many  areas  receive  little 
or  no  hunting,  yet  populations  fluctuate  in  these  areas  similar 
to  those  which  receive  higher  hunting  pressure.  The  major  con¬ 
tributing  factor  to  these  fluctuations  is  probably  food  avail¬ 
ability  as  controlled  by  winter  snow  depths.  Availability  of 
the  higher  quality  food  species  on  the  range  is  limiting." 

Range,  -itucbiu  —  Like  population  studies,  research  on  deer  ranges  followed  previ¬ 
ously  developed  patterns  with  the  onset  of  statehood.  Browse  utilization  plots  and 
browse  inventory  transects  established  by  Klein  in  1957  were  routinely  analyzed  from 
1959  through  1966.  Early  in  1963,  Klein  completed  his  Ph.D.  dissertation  entitled 
"Interrelationships  of  Deer  and  Their  Range  in  Alaska"  [Klein,  1963].  This  work, 
based  on  intensive  field  studies  during  1959,  1960,  and  1961,  did  much  to  elucidate 
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the  ecology  of  the  Sitka  black- tai led  deer  in  southeastern  Alaska,  particularly  the 
relationships  of  the  animal  and  its  range. 

Likely  as  a  result  of  Klein's  earlier  studies,  browse  samples  were  collected  in 
1963  and  1964  and  again  in  1966  for  protein  content  analyses  [Merriam,  1965,  1967]. 

By  this  time,  biologists  were  aware  of  the  complex  interactions  of  browse  quality  and 
quantity  on  herd  welfare  and  were  making  major  efforts  to  enhance  their  understanding 
of  this  relationship. 

With  an  improved  general  understanding  of  deer  ecology  in  the  midsixties,  State 
biologists'  investigative  efforts  began  to  show  redirection  and  improved  coordination. 
It  was  apparent  to  Merriam  that  clearcut  logging  posed  immediate-  and  long-term 
threats  to  the  continued  welfare  of  southeastern  deer  populations.  As  early  as  1964 
[Merriam,  1965b],  he  began  to  review  existing  records  of  logged  areas  as  a  preliminary 
step  in  establishing  a  research  project  to  quantify  the  effects  of  logging  on  deer 
habitat.  These  efforts  continued  intermittently  through  1968;  sites  for  study  were 
selected  and  their  cutting  dates  established  through  review  of  existing  records  and 
core  sampling  [Merriam,  1968],  but  for  various  reasons  the  study  never  materialized. 

Beginning  about  1963,  there  was  a  tendency  in  the  Alaska  Department  of  Fish  and 
Game  (ADF&G)  to  selectively  isolate  specific  questions  to  be  resolved  with  intensive 
research  efforts.  The  first  such  research  study  was  initiated  in  June  1963  when  trie 
Forest  Service  experimental ly  sprayed  a  portion  of  Skowl  Arm  on  Prince  of  Wales  Island 
with  a  quarter-pound  per  acre  of  dichloro-diphenyl-trichloro-ethane  (DDT)  for  control¬ 
ling  black-headed  budworms.  In  cooperation  with  the  Forest  Service,  Merriam  [1965b] 
collected  samples  of  Vac.cA.yu.um  ovaLl^otlum  and  Covina*  canadcnAU* ,  important  deer 
foods,  before  spraying  and  twice  following  spraying.  He  also  collected  deer  before 
and  after  spraying  to  measure  accumulations  of  DDT  in  tissues. 

Analyses  of  plants  and  samples  of  skeletal  muscle  and  adipose  tissue  reflected 
the  following:  First,  immediately  after  spraying  (July),  plants  showed  high  concen¬ 
trations  of  DDT;  by  December  of  that  year,  concentrations  had  declined  considerably- 
Second,  following  spraying,  DDT  was  absent  in  muscle  tissue  as  it  had  been  prioi  to 
spraying,  but  it  was  present  in  adipose  tissue.  In  March  1965,  additional  deer  were 
collected  in  Skowl  Arm,  and  DDT  was  still  present  in  adipose  tissue  [Merriam,  1966]. 

Another  study  established  in  1963  was  designed  to  experimental ly  measure  the 
effect  of  deer  utilization  on  V acci.\rlum .  By  annually  clipping  selected  plants 
[Merriam,  1965b],  20,  40,  60,  80  and  100  percent  of  utilization  was  simulated.  By 
1965,  plants  subject  to  80  and  100  percent  of  simulated  utilization  annually  evi¬ 
denced  some  decrease  in  vigor.  This  study  was  continued  through  1968  when  Merriam 
drew  these  conclusions:  First,  there  was  no  loss  of  vigor  below  40  percent  of 
utilization.  Second,  60  percent  of  utilization  resulted  in  10  percent  dead  twigs. 
Third,  80  percent  of  utilization  resulted  in  50  percent  dead  twigs.  And,  fourth, 

100  percent  of  utilization  resulted  in  80  percent  dead  twigs. 

Merriam  [1968]  also  initiated  a  study  designed  to  compare  snow  accumulations 
under  the  forest  canopy  with  accumulations  in  the  open.  He  established  a  transect 
on  Mitkof  Island  from  sealevel  to  an  elevation  of  1,500  feet,  periodically  measured 
snow  depths  at  elevation  intervals  of  100  feet  in  the  open  and  under  the  timber 
canopy,  and  counted  deer  tracks  between  each  elevation  interval.  After  the  first 
year,  Merriam  concluded  that  snow  accumulation  under  a  timber  canopy  was  about  half 
that  in  the  open.  He  also  concluded  that,  generally  speaking,  deer  did  not  use  areas 
where  snow  depths  exceeded  12-15  inches.  Later,  Merriam  [1971c]  modified  the  first 
conclusion  by  stating  that  snow  depths  beneath  the  forest  canopy  are  about  a  third 
to  half  of  those  found  in  open  areas.  He  also  stated,  after  further  studies,  that 
18  inches  of  accumulated  snow  appeared  to  be  the  limit  of  deer  use  for  an  area 
[Merriam,  1977b]. 


In  two  other  studies  accomplished  in  cooperation  with  the  USDA  Forest  Service, 
Merriam  evaluated  the  effects  of  the  herbicide  2-4-D  on  deer  food  species  and  tested 
the  response  of  Vac-cAnlm  ovaLifioLLum  to  fertilization  with  granular  urea  (46  percent 
nitrogen).  Merriam  concluded  that  application  of  2  pounds  per  acre  of  2-4-D  to  con¬ 
trol  red  alder  (A Inui  anbaa)  resulted  in  a  total  kill  of  1/accUnlum  ovaLL^oLLum  where 
it  was  not  protected  by  a  forest  canopy.  This  herbicide  also  killed  devilsclub 
(Oplopanax  ho/i/Udui)  and  rusty  menziesia  (McnzTeifa  tfeAAugdma) ,  but  none  of  the  forbs 
were  permanently  affected.  One  fertilization  study,  which  was  initiated  in  May  1969 
and  involved  treating  1,500  acres  with  400  pounds  per  acre  of  urea,  resulted  in  the 
conclusions  that  annual  growth  was  6.1-percent  greater  in  fertilized  areas  and  that 
protein  content  averaged  7.04  percent  in  control  areas  and  8.56  percent  on  fertilized 
areas  [Merriam,  1971a].  Another  fertilization  experiment  involved  treatment  in  June 
1970  of  three  0.01-acre  plots  with  200  pounds,  400  pounds,  and  800  pounds  per  acre  of 
urea  (46  percent  nitrogen).  Based  on  this  experiment,  Merriam  [1973]  concluded  that 
addition  of  nitrogen  to  the  soil  had  no  influence  on  annual  growth  of  I Jacdnlum 
onati^otinm.  In  still  another  study,  rather  poorly  documented,  Merriam  [1971c]  com¬ 
pared  production  of  Vaccxnlum  ovaLL^oLium  on  good  and  poor  deer  winter  ranges.  On 
"good"  ranges,  production  averaged  317  pounds  per  acre,  dry  weight,  and  on  "poor" 
ranges  it  averaged  44  pounds  per  acre,  dry  weight. 
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Although  surveys  and  inventories  designed  to  provide  annual  assessments  of 
hunter  harvest,  hunting  pressure,  deer  population  trends,  and  habitat  conditions  have 
been  continued  to  the  present,  the  Alaska  Department  of  Fish  and  Game  essentially  did 
no  deer  research  from  1970  until  July  1977.  The  single  exception  was  an  analysis  of 
the  two  methods  for  calculating  deer  harvest  data  presented  in  use  (hunter  interviews 
and  mandatory  hunter  report  cards).  This  study  [see  Ballard  and  owners  in  these  pro¬ 
ceedings]  resulted  in  the  conclusion  that  hunter  interviews  are  'he  most  efficient 
method  of  the  two  for  gathering  harvest  data.  Although  harvest  reports  are  superior 
to  interviews  as  a  means  of  gathering  information  on  hunting  effort  and  success  at 
specific  locations,  these  investigators  suggested  that  the  two  systems  be  continued 
concurrently  until  sufficient  data  are  acquired  from  the  harvest  reports  to  answer 
needs  for  information  on  hunting  effort  and  success  at  specific  locations. 

Although  the  studies  conducted  by  Dr.  Barrett  for  U.S.  Plywood  Champion  Papers, 
Inc.  [Leopold  and  Barrett,  1972],  were  considered  "reconnaissance  surveys,"  I  feel 
they  should  be  mentioned  here  for  several  reasons.  First  and  foremost,  these  studies 
represented  an  objective  and  independent  review  of  existing  information  on  deer 
ecology  in  southeastern  Alaska.  Second,  Barrett  conducted  several  field  studies 
which  contributed  to  our  knowledge  of  deer  ecology,  particularly  during  the  stressful 
winter  months.  In  terms  of  deer  mortalities  since  1900,  the  winters  of  1968-69  and 
1970-71  were  possibly  two  of  the  most  severe,  and  many  of  the  problems  postulated  by 
previous  investigators  actually  came  to  pass.  One  of  Barrett's  conclusions  was  that: 

"On  Admiralty  Island,  the  key  winter  ranges  are  generally 
situated  in  mature  conifer  stands  that  have  opened  up  enough 
to  allow  the  growth  of  \J ac.cA.nd.nm  and  other  browse  plants.  To 
this  extent,  Alaska  deer  may  be  considered  affiliates  of  climax 
forest  vegetation  rather  than  subclimax  as  is  their  normal 
relationship  in  more  southerly  ranges." 

Arthur  Bloom,  a  Forest  Service  fisheries  scientist  working  in  the  Kadashan  Bay 
area  of  Chichagof  Island,  independently  conducted  a  study  during  the  1975-76  winter 
relating  winter  deer  use  to  soil  and  forest  community  types  [Bloom,  1978].  In 


addition,  he  quantified  and  compared  snow  depths  under  various  canopy  types.  Bloom 
concluded  that,  if  large  blocks  of  low-elevation  timber  in  his  study  area  were 
clearcut,  the  carrying  capacity  of  its  winter  range  for  deer  would  decline. 

Another  study,  by  Billings  and  Wheeler  of  the  Forest  Service,  is,  I  understand, 
still  in  progress.  These  investigators  [see  Billings  and  Wheeler  in  these  proceed¬ 
ings]  found  that  crude  protein  content  of  winter-collected  samples  of  l iac.cA.wium 
ovaLL&oLLum  growing  on  different  ecosystems  varied  considerably  between  ecosystems. 
Perhaps  even  more  interesting  were  data  indicating  that  the  crude  protein  content  of 
this  forage  plant  was  greater  200  feet  into  a  stand  than  it  was  at  the  edge  or  in  the 
open. 
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Because  I  feel  strongly  that  this  paper  should  serve  as  more  than  an  annotated 
bibliography  of  documented  Alaska  deer  studies,  I  would  like  to  conclude  with  some 
personal  beliefs  regarding  the  "state  of  the  art"  and  future  research  needs.  The 
rather  crude  information  upon  which  we  base  present  deer  management  is  barely  adequate 
to  fill  current  needs.  The  one  obvious  exception,  of  course,  is  our  lack  of  under¬ 
standing  of  the  relationship  between  wolf  populations  and  deer.  Nevertheless,  given 
current  deer  numbers,  no  further  reductions  in  deer  habitat,  and  no  increased  human 
demands  upon  this  resource,  we  could  continue  to  adequately  "manage"  deer  forever. 

I  cannot  state  too  strongly,  however,  that  our  present  rather  superficial  under¬ 
standing  of  deer  ecology  is  altogether  inadequate  for  meeting  future  needs.  We  are 
fortunate  in  Alaska  in  that  the  habitat  base  for  our  deer  resource  is  still  largely 
intact.  It  is  apparent,  though,  that  over  much  of  this  deer  range  unregulated  timber 
harvesting  could  perhaps  largely  eliminate  the  species  in  harvestable  or  even  observ¬ 
able  numbers.  It  behooves  all  of  us  in  the  Department  of  Fish  and  Game  and  in  the 
Forest  Service  to  learn  much  more  about  this  deer  and  its  habitat  requirements, 
particularly  as  they  are  affected  by  timber  harvesting,  so  we  can  insist  on  long-term 
management  of  deer  and  timber  consistent  with  the  needs  of  future  generations  of 
Alaskans  and  other  Americans.  I  sincerely  hope  that  recently  initiated  cooperative 
studies  by  our  agencies  will  ultimately  provide  the  knowledge  required  for  us  to  ful¬ 
fill  this  public  trust. 
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The  Forest  Service  Wildlife  Program 
in  the  Alaska  Region 


by 

Will iam  L.  Sheridan, 

Assistant  Staff  Director,  Fisheries  and  Wildlife  Division 
USDA,  Forest  Service, 

Alaska  Region. 


The  fishery  and  wildlife  program  in  the  Alaska  Region  of  the  Forest  Service  has 
been  marked  by  change  and  growth.  One  of  the  distinguishing  character!- sti cs  of  an 
agency  is  its  ability  to  respond  to  the  changing  world  around  us,  to  new  ideas  gener¬ 
ated  by  many  disciplines.  The  change  in  and  growth  of  the  Alaska  Region's  wildlife 
program  is  what  I  want  to  talk  about  today. 

But  first,  What  are  the  authorities  of  the  Forest  Service  to  manage  fish  and 
wildlife  habitat  on  National  Forest  System  lands? 

Authority  for  wildlife  management  of  the  national  forests  stems  from  the  broad 
powers  granted  to  the  Secretary  of  Agriculture  under  the  Organic  Act  of  1897  and 
Transfer  Act  of  1905,  which  authorize  the  Secretary  to  regulate  the  occupancy  and  use 
of  the  national  forests.  The  Multiple  Use-Sustained  Yield  Act  of  1960,  the  Endangered 
Species  Act  of  1973,  the  Sikes  Act  of  1974,  the  Forest  Rangelands  and  Renewable  Re¬ 
sources  Planning  Act  of  1974,  and  the  National  Forest  Management  Act  of  1976,  broaden 
and  strengthen  these  powers. 

Forest  Service  responsibility  for  wildlife  emphasizes  protection  and  enhancement 
of  habitat.  Fish  and  wildlife,  as  such,  are  managed  by  State  fish  and  game  agencies. 
The  respective  responsibilities  of  the  States  and  Forest  Service  toward  wildlife  are 
well  defined  in  a  master  Memorandum  of  Understanding  between  the  Forest  Service  and 
the  State  which  provides  a  continuing  cooperative  approach  to  wildlife  management  on 
national  forests.  This  memorandum  is  supplemented  by  many  cooperative  agreements 
between  the  two  agencies.  The  Alaska  Department  of  Fish  and  Game,  as  well  as  other 
State  and  Federal  agencies,  are  included  at  all  levels  of  the  Alaska  Region's  wildlife 
planning  and  management  activities.  Close  cooperation  with  private  landowners  will 
also  become  increasingly  important  as  lands  are  conveyed  to  citizens  and  to  Native 
villages  and  corporations. 

Our  objective  is  to  provide  quality  hunting,  fishing,  and  recreational  opportun¬ 
ities  and  subsistence  use  where  necessary,  as  well  as  opportunities  to  observe  and 
photograph  wildlife.  The  Forest  Service  wildlife  program  is  one  of  long  standing. 


But,  until  recently,  it  has  not  enjoyed  the  prominence  it  merits.  The  custodial 
nature  of  forest  management,  which  existed  before  1950,  required  relatively  little  in 
the  way  of  fish  and  wildlife  management,  and  the  technology  in  those  days  was  far  from 
what  it  is  today.  Large-scale  timber  harvesting,  beginning  early  in  the  fifties, 
triggered  concern  about  the  impacts  on  wildlife  and  fisheries  resources.  These  con¬ 
cerns  led  to  studies,  programs,  and  ever-changing  policies  for  protecting  those 
resources . 

In  1949,  the  Alaska  Forest  Research  Center  (AFRC)  began  their  studies  of  the 
effects  of  logging  on  salmon  streams  at  Hollis  near  Ketchikan.  In  1956,  the  AFRC  was 
joined  by  the  Fisheries  Research  Institute  (FRI)  of  the  University  of  Washington.  FRI 
researched  the  effects  of  logging  on  salmon  until  1962.  Several  publications  and 
theses  resulted  from  their  work. 

Research  at  the  Little  Port  Walter  research  station  of  the  National  Marine 
Fisheries  Service,  although  not  geared  to  effects  of  logging,  resulted  in  major  con¬ 
tributions  to  the  habitat  requirements  of  salmonids.  These  results  were  a  significant 
aid  to  forest  management  of  the  salmon  habitat. 

The  realization  of  the  importance  of  small  tributaries  to  rearing  species--coho , 
Dolly  Varden,  cutthroat,  and  Steelhead  trout--changed  forest  practices  so  these 
streams  received  greater  protection.  When  it  was  demonstrated  in  Oregon  that  removal 
of  the  forest  canopy  along  small  streams  susceptible  to  warming  by  the  sun  could  have 
adverse  effects  on  the  production  of  rearing  species,  a  study  was  conducted  by  the 
Forest  Service  in  Alaska.  From  that  study,  guidelines  for  protection  were  formulated. 

In  1962  when  funding  became  available  for  fisheries  enhancement  projects,  an 
enhancement  program  was  started.  Since  then,  more  than  200  habitat  improvement  pro¬ 
jects  costing  more  than  $2  million  have  been  completed  on  Alaska's  National  Forests. 
The  Sikes  Act  (P.L.  93-452)  called  for  a  comprehensive  fishery  and  wildlife  plan  in 
cooperation  with  the  States  and  has  given  fishery  and  wildlife  enhancement  programs 
added  clout.  Today,  many  of  the  projects  developed  with  the  State  of  Alaska  have  been 
completed  or  are  underway. 

The  Forest  and  Rangeland  Renewable  Resources  Planning  Act  (RPA)  called  for  a  com¬ 
plete  wildlife  assessment.  This  includes  numbers  of  species,  association  of  species 
with  habitat,  supply  and  demand,  and  definition  of  opportunities  for  increased 
production.  This  Act  caused  changes  in  program  planning. 

Increasing  emphasis  on  nonconsumptive  use  of  wildlife  and  interest  in  nongame 
species  caused  an  addition  of  these  programs  to  those  already  in  effect.  We  have 
conducted  surveys  and  studies  to  determine  the  species  of  birds  on  national  forest 
lands  and  adjacent  coastal  waters  and  the  effects  of  clearcut  logging  on  changes  in 
species  composition  and  numbers  of  birds  and  small  mammals.  Offshoots  of  the  Threat¬ 
ened  and  Endangered  Species  Act  are  the  Memorandum  of  Understanding  with  the  U.S.  Fish 
and  Wildlife  Service  for  the  protection  of  bald  eagle  habitat,  the  establishment  of  a 
bald  eagle  management  area  in  the  Seymour  Canal  area  off  of  Admiralty  Island,  and 
active  information  and  education  programs  on  the  two  forests  of  the  region.  These 
include  programs  on  plants,  animals,  fish,  and  amphibians. 

Surveys  and  studies  have  been  initiated  on  the  waterfowl  of  the  Copper  River  and 
Stikine  River  deltas,  the  life  history  and  habitat  requirements  of  the  Vancouver 
Canada  goose  (unique  to  the  Tongass  National  Forest),  and  the  effects  of  clearcut 
timber  harvests  on  Sitka  black-tailed  deer.  Studies  are  now  proposed  for  some  of  the 
furbearers,  such  as  land  otter  and  marten.  Prescribed  burning  for  enhancement  of 
moose  habitat  has  been  done  on  the  Kenai  Peninsula,  and  burning  is  planned  on  a 
pilot-study  basis  for  the  Stikine  River  delta  waterfowl  area. 
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An  intensive  land  management  planning  effort  has  been  underway  for  about  three 
years.  Baseline  data  needed  for  planning  has  contributed  to  the  fishery  and  wild¬ 
life  programs.  The  interdiscipl inary  team  (IDT)  approach  was  started  as  part  of  the 
overall  land  management  planning  process  several  years  ago.  The  IDT  is  the  most 
powerful  tool  yet  to  appear  to  ensure  the  quality  of  prescriptive  and  project 
pi anni ng. 

Methods  used  to  protect  the  habitat  against  overuse  include  improving  access  to 
remote  spots  and  construction  of  camping  areas  and  cabins.  Forest  Service  cabins  on 
trail  systems,  lakes,  bays,  and  estuaries  in  southeast  and  south-central  Alaska  allow 
many  added  thousands  of  hours  of  hunting,  fishing,  and  opportunity  for  observation 
and  photography  each  year  on  the  national  forests. 

In  recent  years,  aquaculture  has  assumed  an  ever  increasing  role  in  Alaska  as  a 
means  of  supplementing  the  production  of  natural  salmon  runs.  Through  the  use  of 
environmental  statements  and  assessment  reports,  we  have  participated  in  planning  with 
the  State  and  the  private  sectors  for  several  active  aquaculture  projects  in  the 
Tongass  and  Chugach  National  Forests.  Increased  activity  and  participation  is  anti¬ 
cipated  for  the  future. 

Recently,  funding  has  dramatically  increased  for  fish  and  wildlife  programs . 

This  allows  a  level  of  staffing  far  more  commensurate  with  the  importance  and  needs  of 
the  fish  and  wildlife  resource  on  national  forest  lands.  The  number  of  fish  and  wild¬ 
life  staff  members  has  increased  from  4  biologists  in  1972  to  more  than  30  in  fiscal 
year  1978.  This  funding  also  provides  for  an  accelerated  habitat  program  designed  to 
correct  many  of  the  shortcomings  of  past  management.  This  includes  habitat  improve¬ 
ment  projects,  surveys,  and  studies  to  provide  managers  with  an  improved  information 
base.  In  1977,  the  total  wildlife  budget  was  less  than  $1  million.  In  fiscal  year 
1978,  it  was  $3.2  million.  This  level  of  funding  is  expected  to  be  maintained  or 
increased.  The  1978  budget  included  a  special  appropriation  of  $600,000  for  habitat 
improvement.  This  amount  is  expected  to  be  available  for  at  least  3  more  years. 

The  Fish  and  Wildlife  Program  Manager  concept  is  now  in  effect  on  all  forests  and 
areas  in  the  region.  The  program  manager  is  a  staff  assistant  to  the  forest  super¬ 
visor  and  directs  the  activities  of  the  staff  of  biologists.  This  puts  wildlife  on  an 
equal  baiss  with  all  other  resource  programs. 

The  highlights  of  the  fish  and  wildlife  program  in  the  Alaksa  Region  have  been 
presented  in  the  light  of  growth  and  change.  Each  year  more  studies  and  surveys  are 
being  initiated  by  the  Forestry  Sciences  Laboratory,  Region  10,  Alaska  Department  of 
Fish  and  Game,  National  Marine  Fisheries  Service,  U.S.  Fish  and  Wildlife  Service,  and 
other  agencies.  Each  year  we  increase  our  knowledge  of  forest  management  as  the  data 
base  broadens  and  becomes  more  usable.  Thus,  we  are  better  capable  of  responding  to 
the  changing  world  around  us. 
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Ecology  and  Ha  felt  at  Management 


A  major  part  of  the  conference  was  devoted  to  deer-habitat  interactions,  begin¬ 
ning  with  a  discussion  by  A.S.  Harris  and  W.L.  Farr  of  forest  ecology  and  silvicul¬ 
tural  principles  governing  timber  management  in  southeast  Alaska.  The  paper  authored 
by  R.F.  Billings  and  N.C.  Wheeler  in  this  section  was  presented  in  summary  at  the 
conference  by  W.L.  Sheridan.  F.L.  Bunnell  departed  completely  from  the  text  of  his 
prepared  paper  (which  is  printed  here)  and  delivered  a  perspicacious  lecture  on  the 
acquisition  and  handling  of  relevant  data.  For  those  ideas,  readers  may  contact  Dr. 
Bunnel 1 . 
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Timber  Management  and  Deer  Forage 
in  Southeast  Alaska 


by 


A.  S.  Harris,  Principal  Silviculturist, 
and 

Wilbur  A.  Farr,  Principal  Mensurationist, 

for  the  USDA  Forest  Service, 

Pacific  Northwest  Forest  and  Range  Experiment  Station, 
Forestry  Sciences  Laboratory,  Juneau,  Alaska 


Southeast  Alaska  is  that  portion  of  the  State  extending  from  Dixon  Entrance  to 
Yakutat,  a  distance  of  540  miles  (870  kilometers)  including  24  million  acres  (9.7 
million  hectares)  of  land  area.  Although  this  is  just  over  5  percent  of  the  entire 
State,  southeast  Alaska  contains  the  major  part  of  Alaska's  timber  resources. 

The  landscape  is  dominated  by  rugged  mountains  and  conifer  forests.  A  trip  by 
ferry  can  give  the  traveler  the  feeling  that  the  vegetation  is  everywhere  the  same. 
Mountains  rise  more  or  less  steeply  from  the  water's  edge  and  appear  to  be  covered 
with  unbroken  forests  to  the  timberline.  On  closer  inspection,  however,  we  find  a 
variety  of  ground  cover  including  tideland  meadows,  muskegs  or  bogs  with  or  without 
scattered  tree  cover,  and  alpine  forests  and  meadows.  The  conifer  forest,  which 
covers  46  percent  of  the  land  area,  consists  of  a  mosaic  of  stands  of  varying 
textures,  densities,  crown  sizes,  and  subtle  colors. 


The  WeAteAn  Hemlock- Sitka.  Spruce  F oneAt  Type 


The  forest  of  southeast  Alaska  is  a  segment  of  the  temperate  rain  forest  that 
extends  along  the  Pacific  coast  from  northern  California  to  Cook  Inlet,  Alaska.  This 
is  the  western  heml ock-Si tka  spruce  [TAtiga  heteAophytla  (Raf.)  Sarg. -Ticca  AitchenAiA 
(Bong.)  Carr.]  forest  type,  so  named  for  its  two  most  common  and  commercially  impor¬ 
tant  tree  species. 
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The  hemlock-spruce  type  spans  some  19  degrees  of  latitude  along  the  coast.  In 
contrast  to  areas  further  inland,  the  climate  is  characterized  by  cool  summers  and 
relatively  warm  winters.  Precipitation  is  high.  Toward  the  north,  summer  rains  are 
frequent,  and  there  is  little  summer  drought  [Patric  an  '’lack,  1968].  Summer  drought 
is  more  promounced  toward  the  south,  but  it  is  greatly  offset  by  summer  foa  [Isaac, 
1946]. 

The  amount  of  solar  energy  reaching  the  earth  decreases  with  increases  in 
latitude.  A  convenient  measure  of  this  heat  energy  is  the  number  of  growing-degree 
days.  A  growing-degree  day  is  defined  as  the  mean  daily  temperature  above  a  specified 
threshold.  We  use  5°  C  as  a  threshold,  because  this  is  about  the  temperature  at  which 
plant  growth  begins.  Within  the  hemlock-spruce  type,  the  mean  annual  sum  of 
growing-degree  days  is  about  2,511  days  at  Brookings  Oregon;  1,942  days  at  Forks, 
Washington;  1,408  days  at  Annette;  1,014  days  at  Juneau;  and  819  days  at  Yakutat 

(table  1).  It  is  important  to  keep  this  trend  in  mind  when  interpreting  studies  made 

at  different  locations  within  the  hemlock-spruce  type. 

As  one  moves  northward,  this  decrease  in  heat  energy  results  in  a  shorter  growing 
season,  a  reduced  rate  of  biological  acitivity,  and  a  decrease  in  forest  site 

productivity.  It  also  results  in  a  higher  percentage  of  precipitation  in  the  form  of 

snow  and  a  greater  depth  and  persistence  of  snow  on  the  ground.  Snow  is  especially 
important  in  southeast  Alaska  where  winter  weather  along  with  predation  by  wolves  have 
historically  determined  the  status  of  deer  populations  [Alaska  Department  of  Fish  and 
Game,  1977]. 

We  measure  forest  site  productivity  in  terms  of  total  height  that  the  average 
dominant  and  condominant  hemlock  and  spruce  will  attain  at  100  years  of  age.  We  have 
found  that  the  site  index  decreases  at  the  rate  of  about  3.4  units  per  degree  of 
latitude.  The  average  site  index  of  hemlock  and  spruce  in  Washington  State  is  about 
145,  and  in  southeast  Alaska,  about  113. 

Southeast  Alaska's  forests  contain  fewer  tree  species  than  do  the  coastal  forests 
of  British  Columbia  and  the  Pacific  Northwest,  and  species  diversity  decreases  with 
increasing  latitude.  Nine  conifer  and  22  broadleaf  species  attain  tree  size.  Of 
these,  four  species  are  sought  for  commercial  harvest--western  hemlock,  Sitka  spruce, 
western  redcedar  {Thuja  plTcaXa  Donn)  and  Alaska-cedar  [Chamazc.ypoJuj>  nootkaXe.M>T6 
(D.  Don)  Spach].  Mountain  hemlock  [T^uga  mnAt Tana  (Bong.)  Carr.]  is  logged  along 
with  western  hemlock  when  encountered  in  mixed  stands,  and  it  is  sometimes  difficult 
to  tell  the  two  species  apart.  Pacific  silver  fir  [A blu  amabiLU  (Dougl.)  Forbes] 
and  subalpine  fir  [A biu  labioaaApa  (Hook.)  Nutt.]  occur  in  limited  areas  and  may  be 
cut,  although  neither  species  is  sought  for  harvest.  Shore  pine  ( P-inui  contoAta 
Dougl.  var  contoAta)  is  used  locally  for  firewood  and  for  Christmas  trees,  but  it  is 
seldom  found  in  dense  commercial  stands.  Black  cottonwood  ( PopuZuA  tATchocaApa  Torr. 

&  Gray)  has  been  harvested  occasionally  and  tested  for  use  as  dissolving  pulp,  but  it 
is  not  being  harvested  today.  Red  alder  (A Imu  AubAa  Bong.)  is  used  locally  for 
firewood,  carving,  and  smoking  fish. 

The  forests  contain  many  shrub  species;  Viereck  and  Little  [1972]  recognized  72 
important  species.  Many  of  these  shrubs  are  characteristic  of  the  dry  interior  and 
appear  in  southeast  Alaska  in  only  the  drier  transition  zones. 

Composition  of  tree  species  varies  by  location,  topography,  drainage,  soil  type, 
and  stand  history.  Based  on  the  number  of  trees  that  are  1  inch  (2.4  cm)  or  more  in 
diameter  on  commercial  forest  land,  average  species  composition  of  a  stand  is  western 
hemlock,  73  percent;  Sitka  spruce,  12  percent;  western  redcedar,  5  percent; 
Alaska-cedar,  5  percent;  mountain  hemlock  and  other  softwoods,  4  percent;  black 
cottonwood,  red  alder,  and  other  hardwoods,  1  percent  [Harris  and  Farr,  1974]. 
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TABLE  1--Mean  annual  climatic  data  for  representati ve  stations  within  the  natural 
range  of  Sitka  spruce,  1950-74 


Station 

Lati¬ 

tude, 

North 

:  Longi- 
:  tude, 

:  West 

|  Degree 
!  day si/ 

;  Precipi- 
!  tation 

Snow- 
;  fall 

Frost- 
i  free  days 

No . 

Cm 

Cm 

No. 

Brookings , 

Oregon 

42°03' 

1 24°1 7 1 

2,511 

204.9 

1 

294 

Otis,  Oregon 
Forks , 

45°02 ' 

1 23°56 ' 

2,131 

250.2 

13 

192 

Washi ngton 
Quantsino, 

47°57 ' 

1 24°22 ' 

1  ,942 

297.8 

43 

190 

B.C. 

50°32 ' 

1 27°37 1 

1  ,697 

235.2 

58 

200 

Langara,  B.C. 
Annette, 

54°1 5 1 

1 33°03 ' 

1  ,204 

165.5 

71 

241 

Alaska 

55°02 ' 

1 31 °34 1 

1  ,408 

298.0 

142 

210 

Sitka,  Alaska 
Juneau, 

57°04‘ 

1 35°21  1 

1  ,221 

214.4 

114 

196 

Alaska 

Yakutat, 

58°22 1 

1 34°35 ' 

1  ,014 

134.5 

279 

129 

Alaska 

Cordova , 

59°31  ' 

1 39°40 ' 

819 

329.2 

574 

112 

A1  aska 

Seward, 

60°30 ' 

1 45°30 ' 

851 

226.6 

340 

111 

Alaska 

60°07 ' 

1 49°27 ' 

989 

151  .4 

221 

153 

-^Base  5°  C 


Species  composition  of  trees  on  land  classified  as  noncommercial  forest  land  consists 
largely  of  hemlocks,  cedars,  and  shore  pine  [Harris  and  Farr,  1974]. 


T-imbeA  Management  Tn  Sou£ke.<ut  Alaska. 


About  11  million  acres  (4.4  million  hectares),  or  46  percent  of  the  land  area  of 
southeast  Alaska,  is  forested  [Hutchison  and  LaBau,  1975].  Of  this,  6  million  acres 
(2.4  million  hectares)  is  classified  as  productive  forest  land  capable  of  producing 
20  cubic  feet  per  acre  (1.4  cubic  meters  per  hectare)  per  year  and  having  a  standing 
timber  volume  of  at  least  8,000  board  feet  per  acre.!/  Preliminary  data  show  that 
about  14  percent  of  the  productive  forest  land  is  within  one-half  mile  (0.8  kilo¬ 
meters)  of  tidewater  and  below  500  feet  (150  meters)  in  elevation.  Much  of  this  pro¬ 
ductive  forest  land  is  valued  as  winter  habitat  for  deer,  as  well  as  for  its  valuable 
and  accessible  timber. 


—/Based  on  Scribner  log  rule;  data  is  available  at  the  Forestry  Sciences  Labora¬ 
tory  in  Juneau,  Alaska. 
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Under  current  planning,  much  of  the  total  productive  forest  land  is  or  will  be 
reserved  from  timber  cutting.  Because  of  pending  changes  in  1 andownershi p  and 
classification,  we  won't  attempt  to  speculate  on  future  management  of  this  land. 
Instead,  let's  look  at  some  of  the  characteristics  of  the  forest--first  at  the  age 
structure.  This  will  lead  us  to  consider  such  things  as  forest  succession  and  the 
reasons  for  some  of  our  current  management  practices  and  some  future  possibilities. 

It  has  been  convenient  for  timber  managers  to  classify  productive  forest  land  on 
the  basis  of  stand  age.  Stands  less  than  150  years  of  age  are  arbitrarily  classified 
as  young  growth,  and  stands  over  150  years  of  age  are  classified  as  old  growth. 
Young-growth  stands  are  essentially  even-aged,  low  in  defects,  and  still  capable  of 
adding  growth.  Old-growth  stands  are  more  variable  in  age  and  defects  and  are  beyond 
the  age  of  optimum  growth. 


StAuetuAe  and  Management  0( [  Old-Gnowth.  Standi 


Old-growth  stands  cover  about  87  percent  of  the  productive  forest  land  area  of 
southeast  Alaska  [Hutchison  and  LaBau,  1975].  Most  of  these  stands  are  in  natural 
condition,  although  some  of  the  more  accessible  stands  have  been  high  graded  in  the 
past  for  high-quality  logs.  We  often  speak  of  old-growth  stands,  mature  stands,  over¬ 
mature  stands,  and  climax  stands,  as  if  there  were  no  difference  between  these  terms. 
This  has  blurred  the  fact  that  old-growth  stands  tend  to  be  highly  variable. 

We  recently  began  a  study  of  the  structure  of  old-growth  stands.  Our  objective 
is  to  gain  a  better  insight  into  the  possibilities  and  problems  of  applying 
uneven-aged  silviculture  in  southeast  Alaska.  We  have  learned  so  far  that  the  age 
and  decay  structure  of  old-growth  stands  is  indeed  highly  variable.  Some  stands  are 
truly  all  aged,  and  others  consist  of  a  single-age  class.  Still  others  have  two  or 
three  well-defined  age  classes  separated  by  100  to  150  years  between  classes. 

Old-growth  stands  in  the  1 50-to-200-year  age  class  are  generally  sound  and  even- 
aged  in  structure.  Most  are  typically  dense  and  have  a  fairly  limited  range  in 
diameters.  At  about  this  age,  overstory  trees  begin  to  fall  victim  to  insects, 
disease,  or  wind.  As  the  stands  begin  to  open,  more  light  reaches  the  forest  floor, 
and  tree  regeneration  becomes  established  along  with  other  plants.  Hemlock  is  more 
tolerant  of  shade  than  is  spruce  or  cedar,  so  stands  gradually  convert  to  hemlock. 
Depending  on  the  way  in  which  stands  are  opened,  old-growth  stands  tend  to  have  pre¬ 
dominantly  two,  three,  or  more  age  classes. 

Site  productivity  of  old-growth  stands  is  gradually  reduced  as  raw,  undecomposed 
humus  builds  in  the  forest  floor  [Taylor,  1933].  Trees  that  develop  in  the  shaded 
understory  tend  to  grow  very  slowly  because  of  insufficient  light.  Understory  trees 
are  more  defective,  because  they  are  easily  damaged  by  falling  limbs  or  trees,  or  they 
may  be  infected  by  dwarf  mistletoe.  Total  stand  volume  diminishes  over  time  because 
of  decay  in  standing  trees,  inefficient  use  of  growing  space,  and  reduced  soil 
productivity.  Loss  from  decay  eventually  offsets  growth,  and  in  advanced  successional 
stages  net  stand  growth  may  be  negative.  The  pattern  of  late  succession  is  extremely 
variable  because  of  species  composition,  soil,  drainage,  and  the  effect  of  chance 
damage  from  wind,  insects,  or  other  factors. 

Most  trees  in  a  typical  old-growth  stand  are  western  hemlock.  There  are  rela¬ 
tively  few  spruce,  especially  in  the  smaller  diameter  classes.  Cedars  are  rare  on 
most  better  sites  and  more  common  on  the  less  productive  timber  sites.  For  trees  of 
equal  diameter,  hemlock  are  generally  older  than  spruce.  Advanced  regeneration  also 
tends  to  be  quite  old.  Five-  to  6-inch  (13-  to  15-centimeter)  hemlock  average  about 
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120  years  old;  spruce  are  somewhat  younger,  about  70  years  old.  Small  sawtimber 
hemlock,  11  inches  (28  centimeters)  in  diameter,  average  180  years  old,  and  similar 
sized  spruce  are  about  110  years  old.  On  the  average,  most  spruce  over  11  inches 
(28  centimeters)  in  diameter  and  hemlock  over  5  inches  (13  centimeters)  are  at  least 
100  years  old  (fig.  1 ) . 

Hemlock  is  generally  more  defective  than  spruce.  About  35  percent  of  the 
sawtimber-sized  hemlock  and  20  percent  of  the  spruce  have  some  external  indicator  of 
decay,  such  as  basal  scars,  trunk  scars,  frost  cracks,  broken  tops,  or  conks  [Farr 
and  others,  1976].  On  the  average,  total  defect  accounts  for  about  31  percent  of  the 
gross  board  foot  volume  of  old-growth  stands.  For  hemlock  especially,  there  is  con¬ 
siderable  volume  loss  in  the  older  age  classes  (fig.  2). 

From  the  standpoint  of  timber  production  alone,  it  is  not  desirable  to  manage 
uneven-aged,  defective,  near-climax  stands.  Rather  than  attempt  to  manage  old-growth 
stands,  it  is  preferable  to  clearcut  and  begin  over  with  young,  rapidly  growing 
stands.  From  the  standpoint  of  deer  habitat,  however,  it  might  be  preferable  to  main¬ 
tain  a  forest  cover. 

Theoretically,  it  should  be  possible  to  manage  some  old-growth  stands  under  a 
form  of  selection  cutting  in  which  a  few  trees  or  groups  of  trees  are  periodically 
removed.  A  nearly  continuous,  all-aged  overstory  would  be  maintained  to  provide 
shelter  and  forage.  Such  stands,  however,  would  produce  far  less  timber  than  stands 
managed  under  an  even-aged  silvicultural  system.  It  would  also  be  costly  to  remove 
trees  without  damaging  the  residual  stand,  because  spruce  and  hemlock  have  shallow 
roots  and  thin  bark  and  much  of  the  topography  of  southeast  Alaska  is  steep.  In  other 
situations  where  maintaining  existing  deer  habitat  is  of  highest  value,  it  might  be 
preferable  to  restrict  management  to  salvaging  trees  damaged  by  wind,  insects,  or 
other  natural  causes. 


Young- Gnowtk  Stands 


Young-growth  stands  are  essentially  even-aged.  They  became  established  follow¬ 
ing  blowdown,  fire,  insect  epidemic,  or  logging.  In  the  case  of  primary  succession, 
stands  become  established  following  a  glacial  retreat,  land  uplift,  or  landslide. 
Young-growth  stands  are  often  classified  by  stand  size,  such  as  seedlings,  saplings, 
poles,  and  sawtimber. 

About  13  percent  of  the  productive  forest  land  area  of  southeast  Alaska  is  now 
covered  by  young-growth  stands.  About  290,000  acres  (117,000  hectares)  of  old-growth 
forests  have  been  harvested  in  this  century  [Sandor,  1978].  About  14,000  (5,700  hec¬ 
tares)  are  now  being  harvested  annually  by  cl  earcutting. 


SucczAtxion  F otlow-Lng  Cl&aAcuttdng 


After  clearcutting,  varying  amounts  of  logging  residues  are  left  on  the  ground. 
The  amount  and  distribution  depends  on  the  age  and  defectiveness  of  the  stand  that  was 
logged,  utilization  standards,  type  of  logging,  and  other  factors  [Ruth  and  Harris, 
1975].  Large  residues  slowly  decompose.  They  can  interfere  with  forest  regeneration , 
future  stand  management,  and  access  by  deer  for  many  years. 
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TREE  AGE  (YEARS) 


Figure.  2 — Sitka  spruce  and  western  hemlock:  Decay  and  age  relationships  in  50-year-old 

stands 

[data  cuii  avoAagu  ^ on.  sample  £/lzqj>  in  Aoutkzcut  Alaska.  Ncmbeju  Ahow  6ize.  UjicJLza 
and  cuAue  oaz  faon.  ivutQAn  hemlock;  kqucuviA  a/ia  SdXka  ipsiuce.  Souacz:  Toaa  and 
othaAA,  1976.] 
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DIAMETER  AT  BREAST  HEIGHT 


IFiguAe  7 — Sitka  spruce  and  western  hemlock.  Age  and  diameter  relationships  in 

old-growth  stands 

[Vcita  <v ie.  aveAageA  ofa  2-  and  4-i.nd.k-diamoXsA  ofa  sample.  -in  Aoutke.aA£ 

Alaska.  W imboAA  thou)  diameXeA  cJLaj><t>&>.  Opzn  AquaA&s  aj ie.  faon.  w&iTeAn  hemZock;  cJLo&e.d 
t>qaanu  oaz  fa on.  S££ka  4psiu.c&.] 
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Following  clearcutting,  the  soil  is  warmed,  and  biological  decomposition  of  the 
forest  floor  is  accelerated.  This  results  in  an  increase  in  available  nutrients  and 
faster  plant  growth  for  several  years.  There  is  an  immediate  reinvasion  of 
vegetation.  Species  diversity  can  be  great,  and  growth  rates  high.  The  number  and 
density  of  plant  species  depends  on  characteristics  of  the  understory  of  the  logged 
stand,  soil,  drainage,  time  of  logging,  degree  of  soil  disturbance,  availability  and 
abundance  of  seed,  weather,  and  other  factors.  Summer  forage  is  increased,  but  the 
increase  may  be  of  little  value  to  deer  if  there  is  abundant  summer  forage  already 
available  in  surrounding  areas.  In  winter,  clearcut  areas  have  a  deep  snow  cover  that 
prevents  access  or  use  by  deer. 

Hemlock  and  spruce  seedlings  are  usually  present  beneath  old-growth  stands,  and 
many  survive  logging.  Additional  seedlings  become  established  soon  after 
clearcutting,  along  with  shrubs,  herbs,  and  forbs.  Eight  years  after  logging  on  the 
Maybeso  Experimental  Forest  near  Hollis,  the  new  stand  contained  about  4,300  conifer 
seedlings  per  acre  (10,600  per  hectare);  53  percent  of  the  stand  was  hemlock,  41  per¬ 
cent  spruce,  and  6  percent  cedar  [Harris,  1967]. 

Conifer  development  occurs  rapidly.  On  good  sites,  most  forbs,  grasses,  and 
shrubs  are  shaded  out  within  15  to  20  years.  For  example,  19  years  after  logging  of 
a  good  site  on  the  Maybeso  Experimental  Forest,  dominant  hemlock  and  spruce  ranged 
from  19  to  22  feet  (5.8  to  6.7  meters)  in  heights  with  stocking  ranging  from  3,000  to 
6,000  stems  per  acre  (7,400  to  14,800  per  hectare). 

From  this  point  on  for  many  decades,  conifer  stands  remain  dense  and  will  offer 
cover  for  deer  but  little  or  no  forage.  A  study  is  now  underway  to  quantify  species 
and  amount  of  vegetation  in  the  understory  of  naturally  developing  stands. 'Ll 

Yield  tables  are  available  which  describe  the  first  150  years  of  natural  stand 
development  of  hemlock-spruce  stands  in  southeast  Alaska  [Taylor,  1934].  These  tables 
show  that  rapid  growth  takes  place  in  young  stands  for  the  first  few  decades. 
Culmination  of  mean  annual  increment  of  wood  fiber  takes  place  at  about  age  70  in 
unmanaged  stands.  The  growth  rate  slows  slightly  after  70  years.  Present  management 
plans  call  for  a  rotation  age  of  about  100  years.  With  wood  fiber  production  the 
goal,  rotation  length  might  logically  be  reduced  for  natural  stands  and  reduced  even 
further  in  stands  which  are  periodically  thinned. 


IwtinAi'JZ.  Mana.gme.nt 


With  increased  demand  for  timber  in  the  future,  we  expect  that  timber  management 
will  become  more  intensive.  Linder  intensive  timber  production  goals,  many  stands 
will  be  first  thinned  at  age  10-20  years.  Spacing  will  range  from  about  10  by  10 
feet  (3  by  3  meters),  or  436  stems  per  acre  (1080  per  hectare),  to  16  by  16  feet  (5 
by  5  meters),  or  170  stems  per  acre  (420  per  hectare),  depending  on  location  of  the 
stand  and  objectives  of  management.  Thinning  will,  in  effect,  prolong  the  interval 
of  time  between  clearcutting  and  crown  closure.  The  purpose  of  thinning  early  in  the 
life  of  a  stand  is  to  reduce  tree  stocking  and  hasten  individual  tree  development. 

The  first  thinning  might  be  followed  by  one  to  several  additional  thinnings  to 


3  / 

— 'Robuck,  Wayne.  Understory  vegetation  in  thinned  and  unthinned  hemlock-spruce 
stands  in  Alaska.  (This  study  plan  is  available  at  the  Forestry  Sciences  Laboratory 
in  Juneau,  Alaska. ) 
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maintain  rapid  development  of  selected  crop  trees  and  to  salvage  anticipated 
mortality.  Sufficient  stocking  will  be  maintained  to  fully  utilize  the  site  for 
timber  production. 

It  might  be  possible,  however,  to  maintain  thinned  stands  at  less  than  full 
stocking  levels  to  encourage  greater  development  of  understory  vegetation  for  deer. 
Less  than  full  stocking,  however,  might  result  in  additional  conifer  regeneration  and 
the  subsequent  development  of  a  two-storied  conifer  stand.  For  example,  in  a  study  of 
partial  cutting  in  a  90-year-old  even-aged  stand,  we  found  that  removal  of  about  a 
third  of  the  stand  resulted  in  dense  but  slow-growing  western  hemlock  becoming  estab¬ 
lished  in  the  understory  [Farr  and  Harris,  1971]. 

We  are  optimistic  that  thinning  will  have  the  effect  of  producing  second-growth 
stands  in  some  parts  of  southeast  Alaska  that  offer  cover  for  deer  and  are  open  enough 
to  produce  accessible  forage  during  parts  of  some  winters.  We  have  a  study  underway 
to  determine  changes  in  understory  vegetation  in  response  to  thinning..?/ 


SummaAy  and  Co nc£o6 -to n& 


In  southeast  Alaska,  about  87  percent  of  the  productive  forest  land  is  still 
occupied  by  old-growth  forests.  These  stands  are  variable  in  age  and  successional 
status  and  in  their  relative  value  for  use  as  deer  habitat,  for  timber  production, 
and  for  other  uses. 

From  the  standpoint  of  timber  production,  clearcutting  is  the  optimum  silvicul¬ 
tural  system  for  regenerating  old-growth  stands  in  southeast  Alaska.  Removal  of  the 
old-growth  and  subsequent  development  of  even-aged  stands,  however,  can  greatly  alter 
deer  habitat  by  reducing  the  future  supply  of  available  forage.  Quantitative 
area-by-area  information  is  needed  on  the  habitat  requirements  of  deer  and  the  abil¬ 
ity  of  various  forest  stands  to  supply  those  requirements  under  natural  conditions 
and  under  management.  Only  then  will  land  managers  be  able  to  satisfactorily  weigh 
the  effects  that  timber  management  or  other  resource  developments  will  have  on  deer 
populations . 
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Ecology  of  Dec r  Range  In  Alaska 

by 

David  R.  Klein,  Unit  Leader 
Alaska  Cooperative  Wildlife  Research  Unit,  Fairbanks 


IntA.oducJU.on 


In  Alaska,  Sitka  black-tailed  deer  ( Odoc.o-ULe.uA  hemtonuA  Aitk.cn its)  occupy  a 
habitat  characterized  by  highly  dissected  islands  and  adjacent  coastal  mainland  areas 
with  wide  topographic  variations  and  a  strong  maritime  climatic  influence.  Mountains 
often  rise  directly  from  the  sea  and  support  dense  coniferous  rain  forests  to  eleva¬ 
tions  of  450  to  750  meters,  depending  on  proximity  to  glaciers,  icefields,  the  open 
sea,  and  site  factors,  such  as  soil  conditions  and  exposure.  Where  level  or  gradually 
sloping  land  occurs  adjacent  to  the  beach  or  on  benches  on  the  lower  slopes,  drainage 
is  generally  impeded  through  the  development  of  hardpan  soil  layers  and  the  accumu¬ 
lation  of  organic  matter  in  sphagnum  bogs  or  muskegs.  On  sites  where  tree  growth  is 
absent  or  greatly  restricted,  numerous  openings  of  varying  sizes  are  provided  in  the 
otherwise  fairly  uniform  forest  cover  below  timberline. 

Although  light  penetration  to  the  forest  floor  is  greatly  restricted  by  the  tree 
canopy  in  old-growth  timber,  windfall  of  overage  trees  creates  frequent  breaks  in  the 
canopy.  Understory  vegetation,  therefore,  varies  considerably  in  density  and 
diversity,  largely  in  response  to  available  light.  Low-growing  vegetation  also  occurs 
in  greater  density  in  response  to  increased  light  on  other  areas,  such  as  those  adja¬ 
cent  to  streams,  rock  outcrops,  and  shorelines,  in  avalanche  zones,  where  landslides 
have  occurred,  in  insect-killed  timber,  and  blowdowns,  and  where  the  forest  canopy 
opens  near  the  timberline.  Above  timberline,  lush  growths  of  alpine  vegetation  occur 
in  response  to  the  abundance  of  light  and  moisture. 

The  following  generalizations  about  the  ecology  of  deer  range  in  Alaska  are 
derived  mainly  from  work  within  the  historical  range  of  deer  in  southeast  Alaska 
[Klein,  1963  and  1965],  however,  the  habitat  characteristics  in  the  Yakutat,  Prince 
William  Sound,  and  Kodiak  Island  areas,  where  deer  have  been  introduced,  are  also 
similar. 


The  CltmatUc.  Efificct 


Although  all  deer  range  in  Alaska  is  under  strong  maritime  climatic  influences, 
there  are,  nevertheless,  pronounced  local  variations  in  temperature,  rainfall,  and 
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winter  snow  depth  which  markedly  affect  vegetative  composition  and  plant  growth  and, 
in  turn,  the  abundance,  quality  and  availability  of  deer  forage.  One  of  the  most 
apparent  dines  in  deer  habitat  in  southeast  Alaska  is  between  the  coastal  mainland 
and  adjacent  islands,  which  normally  experience  warm  summers  and  cold  winters  with 
heavy  snowfall,  and  the  outermost  islands  on  the  western  edge  of  the  archipelago, 
which  have  cool  summers  and  mild  winters  with  light  snowfall. 

Comparisons  of  deer  habitat  on  Woronkofski  Island,  close  to  the  mainland,  and 
Coronation  Island  on  the  outer  coast  and  under  a  stronger  maritime  climatic  influence, 
show  pronounced  differences  in  plant  density  and  species  composition  (table  1)  [Klein, 
1965].  Both  plant  density  and  species  diversity  were  greater  in  all  four  major  habi¬ 
tat  types  on  Woronkofski  than  on  Coronation  Island.  Although  climatic  differences  and 
proximity  to  post  glacial  avenues  of  plant  dispersal  are,  to  a  large  extent,  respon¬ 
sible  for  these  differences.  The  grazing  pressure  of  deer  on  the  vegetation  has  also 
been  a  major  influencing  factor.  Similarly,  the  diversity  of  flora  also  decreases 
from  south  to  north.  Under  the  more  severe  winter  conditions  close  to  the  mainland, 
deer  are  periodically  subjected  to  heavy  winter  snows  which  protect  the  vegetation 
from  excessive  winter  grazing  by  deer  and  limit  deer  populations  through  winter 
starvation.  As  a  consequence,  deer  densities,  except  for  infrequent  irruptions  dur¬ 
ing  sequences  of  mild  winters,  are  on  the  mean  considerably  lower  on  the  mainland  and 
adjacent  islands  than  on  those  islands  on  the  western  edge  of  the  archipelago. 
Additionally,  periods  of  very  low  deer  densities,  following  sequences  of  severe 
winters,  allow  for  recovery  of  preferred  forage  species.  On  Coronation  Island,  the 


I  able  1.  Comparison  of  plant  density  and  species  abundance  in  various  vegetation 


types  on  Woronkofski  and  Coronation  Islands 


Forest 

Muskeg 

Subal pi ne 

A1 pi ne 

Item 

Wl/  :  Cl/ 

W  :  C 

W  : 

C 

W  :  C 

Number  of 
transects 

10  10 

3  6 

6 

4 

7  3 

Plant  density: 

Mean  number  per 
i nterception 

109.6  53.7 

296.7  241.8 

200.8  203.8 

294.5  274.7 

Standard  error 

19.48  13.49 

18.41  12.88 

22.16 

33.78 

9.47  40.18 

"t" 

2.36 

2.44 

0.07 

0.48 

Level  of  signif- 
i cance 

0.05 

0.05 

2/ 

2/ 

Specx&s  Abundance: 
Total  species  (all 
transects) 

133  82 

66  114 

103 

67 

145  69 

Mean  number  per 
transect 

13.3  8.2 

22.0  19.0 

17.2 

16.8 

20.7  23.0 

Standard  error 

1.10  0.92 

0.58  0.63 

1.56 

2.69 

2.03  3.79 

"t" 

22.29 

3.50 

0.13 

0.54 

Level  of  si gni f- 
i  cance 

0.001 

0.01 

2/ 

2/ 

Source:  Klein,  1965. 

]_/  W  =  Woronkofski  Island,  and  C  =  Coronation  Island. 
2/  Not  significant  at  the  0.05  level. 
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more  constant  grazing  pressure  by  deer  resulted  in  the  virtual  elimination  of  several 
of  the  more  preferred  forage  species  and  a  substantial  reduction  in  the  frequencies  of 
many  other  plant  species  used  by  deer. 

It  should  be  emphasized  that  these  observations  are  not  directly  applicable  to 
all  deer  range  in  Alaska  without  taking  into  consideration  the  differences  which 
exist  in  the  influences  of  predation  on  deer  density,  in  the  extent  of  altitudinal 
and  topographic  variations,  in  the  size  of  islands,  and  in  the  local  climatic 
variations.  Consequently,  wolves  may  hold  down  deer  numbers  after  a  sequence  of 
severe  winters  so  that  response  to  mild  winters  may  be  delayed,  as  was  the  recent  case 
on  Mitkof  and  Kupreanof  Islands.  The  maritime  climate  may  penetrate  well  into  the 
archipelago,  as  on  the  Cleveland  Peninsula,  and  the  continental  climate  may  result  in 
excessive  annual  snow  depths  for  deer,  as  adjacent  to  Lynn  Canal.  Wide  altitudinal 
variation  may  moderate  the  effect  of  winter  grazing  pressure,  as  on  the  southwest 
coast  of  Baranof  Island.  And,  on  small  islands  with  limited  habitat  diversity,  there 
is  less  opportunity  for  dispersal  of  deer  as  a  factor  in  moderating  the  effects  of 
deer  on  the  vegetation. 


W-intoA  ugAiaz.  SummeA  Range 


Most  Alaskan  deer  habitat  is  characterized  by  wide  altitudinal  range  with  exten¬ 
sive  areas  of  high-quality  alpine  vegetation  above  the  treeline.  But,  as  a  conse¬ 
quence  of  heavy  winter  snows  at  higher  elevations,  the  available  range  area  is  greatly 
reduced  in  winter,  compared  with  summer.  So,  the  quality  of  available  forage, 
measured  in  digestibility  and  the  complex  of  nutrients  present,  is  also  more  greatly 
depressed  in  winter  than  in  summer.  This  results  from  the  cessation  of  growth  in 
plants  in  winter  and  the  associated  loss  of  leaves  in  most  shrubs  and  perennial  herbs, 
as  well  as  the  restriction  of  deer  mainly  to  forested  areas  where  forest  floor  vege¬ 
tation  is  subject  to  limited  light  during  the  growing  season. 

Deer  have  adapted  to  this  situation  by  synchronizing  their  annual  physiological 
cycle  with  that  of  forage  availability  and  quality.  The  highest  physiological 
demands,  including  lactation  and  growth  of  young  animals  and  antlers,  occur  in  spring 
and  early  in  summer  when  protein  and  other  nutrients  needed  to  meet  these  growth  re¬ 
quirements  are  most  favorably  balanced  in  forage.  Growth  priorities  in  most  age 
classes  shift  by  late  in  summer  from  skeletal  and  muscle  tissues  to  an  emphasis  on 
fat  deposition  which  coincides  with  decreasing  protein  to  carbohydrate  ratios  in  the 
forage.  In  winter,  deer  undergo  relative  growth  dormancy,  and  energy  from  stored  fat 
and  dietary  intake  becomes  the  primary  nutrient  required  for  body  maintenance  and 
activity.  Although  the  seasonal  carryover  in  physiological  condition  of  deer  makes 
seasonal  range  components  interdependent,  spring  and  summer  range  are  more  directly 
related  to  growth  and  body  size  of  deer,  and  winter  range  has  its  primary  influence 
on  over-winter  survival  and  population  regulation.  This  adaptation  of  the  annual 
physiological  cycle  of  deer  to  the  seasonal  variability  in  quality  and  abundance  of 
available  forage  is  also  shared  by  all  other  northern  ungulates.  It  is  perhaps  most 
pronounced  in  the  caribou  and  reindeer  (R ang-cjeA  tcuianduA)  and  muskox  (Ov-tboA 
moAchatuA) .  In  southeast  Alaska,  protein  levels  in  optimum  summer  deer  forage  exceed 
20  percent,  but  in  winter  comparable  values  are  seldom  more  than  8  percent  [Klein, 

1956  and  1965].  Similarly,  lichens,  which  are  normally  the  primary  winter  food  of 
caribou  and  reindeer,  are  high  in  available  energy  in  the  form  of  starch,  but  protein 
levels  are  generally  in  the  2-  to  3-percent  range.  In  contrast,  new  growth  arctic 
and  alpine  tundra  vegetation  used  by  caribou  and  reindeer  in  summer  commonly  exceeds 
25  percent  protein  [Klein,  1970a]. 
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FacXou  Governing  Foliage.  Quality 


Lcg/if:--Photosynthesi s ,  in  comparison  with  other  photochemical  reactions,  such  as 
chlorophyll  synthesis,  phototropi sm,  and  photoperiodism,  requires  relatively  high  light 
intensities.  Optimum  light  intensities  for  photosynthesis  are  generally  in  the  10,000- 
20,000  lux  range.  Within  coniferous  forests  with  closed  canopies,  light  reaching  the 
forest  floor  may  be  less  than  1,000  luxes,  even  on  clear  days,  in  contrast  to  intensi¬ 
ties  in  excess  of  50,000  luxes  on  open  muskeg,  alpine,  or  clearcut  areas. 

Although  light  may  be  adequate  but  marginal  under  forest  canopies  on  clear  summer 
days,  it  may  be  less  than  adequate  on  cloudy  days.  Shading  is  therefore  an  important 
factor  governing  growth  of  plants  used  by  deer  within  the  forest. 

Shading  eliminates  the  shorter  wavelength  components  of  light  which  are  used  most 
efficiently  by  the  photosynthesizing  leaf.  Another  effect  of  shading  is  in  the  reduc¬ 
tion  of  air  temperatures  within  closed  canopy  forests  on  must  summer  days.  This  can 
have  a  pronounced  effect  on  photosynthetic  rate  and  plant  growth  under  the  cool  summer 
conditions  of  southeast  Alaska.  Rates  of  photosynthesis  and  plant  growth  decrease  in 
temperate-region  plants  with  any  decrease  in  air  temperature  below  21°  C  [Popp,  1926]. 

Forest-adapted  plants,  such  as  dwarf  dogwood  (Cornu 6  canadznli) ,  trailing 
bramble  (Rubai  pcdalui) ,  and  sword  fern  (Polyitlckuum  munlium) ,  have  a  high  tolerance 
for  cool  temperatures  and  low  light  intensities  during  the  growth  period.  But,  this 
adaptation  is  gained  at  the  cost  of  a  reduced  growth  rate  and  results  in  their  low 
relative  nutritive  value  for  grazing  animals.  Comparisons  of  nutritive  values  of 
forest  floor  vegetation  in  summer  with  open-grown  vegetation  in  alpine  and  muskeg 
vegetation  [Klein,  1963]. 

In  the  alpine  habitat,  plants  are  adapted  to  the  wide  temperature  extremes  that 
often  occur  between  day  and  night.  Nighttime  temperatures  may  go  below  freezing  dur¬ 
ing  summer  without  killing  the  growing  plant  tissues  of  most  alpine  plants.  Also, 
the  low-growth  form  of  alpine  plants  enables  them  to  take  advantage  of  the  micro¬ 
climatic  effect  close  to  the  ground  surface  where  heating  from  solar  radiation  is 
most  pronounced.  In  addition,  absorption  of  solar  energy  by  green  leaves  in  summer 
in  temperate  regions  can  raise  leaf  temperatures  by  as  much  as  6°-9°  C  above  ambient 
air  temperatures ,  thus  affecting  thermal  reactions  in  the  leaf  [Curtis,  1936]. 

During  the  summer  growth  period,  the  average  daily  period  of  solar  radiation  in 
alpine  areas  exceeds  that  at  sealevel  in  adjacent  areas  because  of  the  lower  angle 
the  horizon  presents  to  alpine  areas. 

The  long  day  length  during  summer  and  the  short  cool  nights  at  high  latitudes 
result  in  long  periods  of  photosynthesis  and  brief  periods  of  catabolic  respiration 
among  alpine  plant  forms.  The  long  photosynthetic  period  has  been  shown  to  be  respon¬ 
sible  for  higher  nitrogen  levels  in  arctic  and  subarctic  vegetation  in  contrast  with 
levels  of  similar  plants  grown  in  temperate  regions  [Kolderup,  1975].  Alpine  vegeta¬ 
tion  has  also  been  shown  to  have  higher  forage  quality  than  similar  vegetation  grown 
in  adjacent  lowlands  [Johnson,  Bezeau,  and  Smoliak,  1968].  The  brief  cool  nights  in 
the  arctic  and  in  high-latitude  alpine  areas  (when  photosynthesis  is  not  taking 
place)  result  in  less  loss  of  soluble  carbohydrates  through  catabolic  respiration 
than  in  plants  further  south  where  nights  are  longer,  thus  accounting  for  higher 
quality  foraqe  for  herbivores  grazing  at  night  or  early  in  morninq  hours  [Klein, 

1970b]. 

Topographic  varlallon--l\r\y  variation  in  exposure,  altitude,  and  slope  from  a  flat 
plain  at  sealevel  will  alter  plant  phenological  progression.  In  southeast  Alaska  on 
steep  south-facing  slopes,  snowmelt  in  spring  and  progression  of  plant  growth  are 
advanced  2-3  weeks  or  more  over  level  areas.  An  even  wider  gap  exists  between  north- 
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and  south-facing  slopes.  Extremely  steep  slopes  shed  snow  and  south-facing  slopes  re¬ 
ceive  the  full  force  of  the  relatively  warm  southeast  storms  late  in  winter  and  spring. 
This  results  in  premature  snowmelts,  even  at  higher  elevations.  In  addition, 
dark-colored  rock  ledges  and  outcrops  absorb  solar  energy  and  reradiate  it  to  immedi¬ 
ately  surrounding  areas,  which  leads  to  early  snowmelt  and  initiation  of  growth  of 
plants  in  rock  crevices  and  adjacent  to  outcrops,  even  before  the  snow  has  left  other 
nearby  areas. 

Except  for  the  slope-exposure  effect  previously  discussed,  increases  in  altitude 
are  accompanied  by  corresponding  delays  in  plant  phenological  progression  during 
spring  and  early  in  summer.  Hopkins'  bioclimatic  law  predicts  a  3-  to  4-day  delay  in 
the  progression  of  vegetative  growth  in  spring  and  early  in  summer  for  each  100-  to 
130-meter  increase  in  altitude  [Hopkins,  1920].  In  our  deer  investigations  in  south¬ 
east  Alaska,  we  found  that  deer  take  advantage  of  this  altitudinal  progression  of 
plant  growth  by  seeking  the  highest  quality  early-growth  vegetation  which  closely 
follows  the  receding  snowline  up  the  mountain  slopes.  We  were  able  to  construct  a 
model  of  this  relationship  through  the  collection  and  analysis  of  samples  from  a  key 
summer  forage  species  ( Fau/Ua  c/uAta-gaZlt)  which  was  present  from  sealevel  into  the 
alpine  areas.  This  relationship  of  forage  quality  to  season  and  altitude  is  shown  in 
fi gure  1 . 

Photosynthesizing  plant  tissues  early  in  the  physiological  stages  of  growth  have 
higher  nutritional  values  than  in  their  later  growth  stages.  It  follows  that  the 
greater  the  topographic  variation  in  the  form  of  altitude,  slope,  and  exposure  within 
deer  habitat,  the  longer  will  be  the  period  during  the  growing  season  when  forage  of 
high  quality  will  be  available  for  selective  grazing  by  deer  capable  of  ranging  over 
the  topographic  extremes.  This  appears  to  be  the  single,  most  important  factor 
accounting  for  differences  in  growth  rates  and  body  sizes  of  deer  in  Alaska.  Where 
extensive  alpine  areas  exist  in  southeast  Alaska,  deer  move  into  these  areas  as  soon 
as  snow  leaves  southern  exposures  and  new  vegetation  emerges.  As  the  season 
progresses,  deer  progressi vely  move  from  site  to  site  as  additional  areas  become 
snow-free  and  growth  of  the  vegetation  is  initiated. 

P-lcuvt  n&>pon 6ez>  to  grazing- -There  is  increasing  evidence  that  plants,  rather  than 
being  passive  recipients  of  the  abuses  of  herbivores  to  their  tissues,  have  evolved 
defense  mechanisms  against  herbivory.  These  include  chemical  substances  that  are 
toxic  or  that  interfere  with  digestion  and  have  apparently  evolved  di f ferentially  in 
relationship  to  whether  the  plant  tissues  involved  are  ephemerally  or  persistently 
vulnerable  to  grazing  by  herbivores  [Rhoades  and  Cates,  1976].  We  have  shown  that 
shrubs  used  by  snowshoe  hares  (Lep as  ameAtcaniu)  in  interior  Alaska  in  winter  appear 
to  have  evolved  both  chemical  and  morphological  defenses  to  grazing  in  relation  to 
their  vulnerability  as  a  result  of  their  stage  of  growth  and  the  depth  of  snow  [Klein, 
1977].  Dimock  and  others  [1976]  have  shown  that  the  genotype  of  Douglas-fir  affected 
feeding  selection  for  foliage  by  both  black-tailed  deer  and  snowshoe  hares,  and  they 
suggest  that  resistance  to  grazing  in  plants  is  strongly  inherited  and  is  chiefly 
additive.  Haukioja  and  Niemela  [1977]  in  Finland  found  that  plant  responses  to  graz¬ 
ing  of  birch  by  insect  larvae  have  resulted  in  retarded  growth  of  the  larvae  that 
continued  to  feed  on  damaged  plants. 

Deer  in  southeast  Alaska  have  pronounced  effects  on  certain  forage  species 
through  their  grazing  activity,  and  it  is  likely  that  this  selective  pressure  has 
resulted  in  the  evolution  of  defenses  against  deer  by  the  flora  present.  There  are 
indications  of  this  in  the  fact  that  tops  of  windthrown  redcedar  and  yellowcedar 
( Tkuj'a  pltcata  and  Chamae.cypcvuA  nootkatzyuti)  are  generally  browsed  clean  by  deer  in 
winter  and  that  new  reproductions  of  these  species  within  reach  of  deer  are  less 
highly  preferred.  Skunk  cabbage  {Ly-itckiton  ameAtcanum)  is  eagerly  sought  by  deer 
when  it  is  beginning  growth  in  spring,  but  it  is  generally  not  touched  after  the 
leaves  unfurl,  which  coincides  with  the  increase  of  oxalates  in  the  leaf  tissues. 
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METERS  ABOVE  1,150—/—  JULY  1  AVERAGE  PATE  Of 
SEALEVEL  /  BEGINNING  PLANT 
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FiguAz  7--Deer  lettuce,  TcluaIol  cAJj,ta-gaLti:  Beginning  plant  growth  by  elevation  and 
time  of  year;  nitrogen  content  of  plants  by  time  of  year  on  Mitkof  Island 


The  leaves  of  devil sclub  ( Oplopanax  howiidui)  are  commonly  eaten  by  deer  when  they  are 
emerging  in  spring,  but  the  stems  and  maturing  leaves  are  protected  by  dense  spines 
which  undoubtedly  inhibit  grazing  by  deer. 

There  is  obviously  a  need  for  investigation  into  the  role  of  chemical  and  morpho¬ 
logical  defenses  of  plants  against  herbivory  by  deer  in  southeast  Alaska.  Indications 
are  that  such  evolved  defenses  by  plants  are  directly  related  to  the  edaphic  condi¬ 
tions  which  accompany  plant  growth.  Therefore,  it  can  be  expected  that  forestry  prac¬ 
tices  which  alter  edaphic  conditions  will  influence  plant  defense  processes  and  there¬ 
fore  affect  the  use  of  plants  by  deer. 


SimmaJuj 


Deer  show  characteristic  physiological  responses  to  variations  in  range  quality. 
These  responses  may  be  considered  variations  from  the  optimum.  They  are  brought  about 
through  limitations  in  the  quality  and  quantity  of  forage  consumed  below  those  levels 
required  for  maintenance  and  optimum  growth  and  development  of  deer.  The  nature  of 
the  annual  physiological  regime  of  deer,  including  rapid  summer  growth  rates  and  rela- 
tive'winter  dormancy  of  deer  in  relation  to  seasonal  variations  in  forage  quality, 
point  to  the  summer  period  as  the  most  critical  period  influencing  growth,  development, 
and  the  attainment  of  ultimate  body  sizes. 

The  factors  of  the  environment  responsible  for  the  differences  in  quality  and 
quantity  of  available  forage  on  deer  range  in  Alaska  are  mainly  differences  in  the 
degree  of  altitudinal  and  topographic  variation  and  in  the  associated  relative  pro¬ 
portions  of  alpine  and  subalpine  areas.  Secondarily,  the  regional  climatic  differ¬ 
ences,  including  depth  and  duration  of  winter  snows,  and  the  presence  or  absence  of 
predation  are  important  range-related  factors.  Other  factors,  such  as  the  quality  and 
duration  of  light  in  high-latitude  alpine  areas,  influence  forage  quality  as  well  as 
the  responses  of  plants  to  herbivory  through  the  development  of  defenses  against 
grazers . 
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IntAodticjtion 


The  black-tailed  deer  of  the  Pacific  Northwest  is  the  Columbian  race  (Odoco-ileuA 
henu.on.LU>  columbicmuu) .  We  are  considering  it  here  in  those  portions  of  its  range  ex¬ 
tending  from  northern  California  to  southern  British  Columbia,  a  region  of  mild 
cl imate. 

Historically,  the  Douglas-fir  forests,  which  extended  over  much  of  this  zone, 
consisted  of  even-aged  stands  that  became  established  following  summer-fall  wildfires. 
Exploitation  of  these  forests,  beginning  about  a  century  ago,  was  accompanied  by  more 
frequent  accidental  fires.  Modern  forestry  management  has  controlled  wildfires,  on 
the  whole,  but  adopted  the  pattern  of  blockcutting  and  uniform  regeneration,  which 
again  results  in  a  forest  of  even-aged  stands,  albeit  shorter  lived  than  their  prede¬ 
cessors  because  of  early  harvesting. 

The  mountains  which  comprise  the  eastern  range  of  the  black-tailed  deer  provide 
summer  deer  forage  but  are  snowcovered  in  winter.  Deer  of  migratory  habits  move  up¬ 
ward  in  spring  and  downward  in  fall  to  spend  winter  below  the  zone  of  normal  or  fre¬ 
quent  accumulations  of  snow.  There,  in  the  lowlands,  are  other  populations  which 
remain  as  year-round  residents.  The  frequent  lack  of  snow,  or  its  short  duration  on 
winter  ranges  in  this  region,  distinguishes  these  deer  habftats  from  those  farther 
north,  where  winter  snow  accumulates  even  at  lower  elevations. 

With  increasing  human  populations,  the  economic  importance  of  the  deer  as  a  game 
species  and  an  object  of  amenity  has  steadily  increased.  As  forest  management  has 
become  more  intense,  damage  by  deer  to  forest  regeneration  and  apparent  effects  of 
forestry  practices  on  deer  populations  have  also  increased.  The  growing  potential  for 
conflict  between  two  valuable  regional  resources--deer  and  timber--and  the  possibili¬ 
ties  of  alleviation,  through  the  development  of  integrated  management  planning, 
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constitute  the  theme  of  this  report.  In  it,  we  endeavor  to  update  the  earlier  reviews 
of  the  ecology  and  management  of  black-tailed  deer,  including  those  of  Cowan  [1956], 
Brown  [1961],  and  Taber  [1961]. 


Vcqa-E oae*t  Relationship* 


Ecological  vanlatlon*  within  the.  *tudy  region-- Deer-forest  relationships  are 
affected  by  differences  in  forest  type,  deer  population,  and  seasonality.  The  forest 
types  of  this  region,  as  classified  and  described  by  Franklin  and  Dyrness  [1973], 
include  the  Sitka  spruce,  western  hemlock,  Pacific  silver  fir,  mixed  conifer,  mixed 
evergreen,  Shasta  red  fir,  and  the  coast  redwood  zones. 

The  occurrence,  composition,  and  productivity  of  these  forest  types  are  largely 
governed  by  two  major  environmental  gradients--temperature  and  precipitation  (fig.  1). 
Productivity  and  rate  of  succession  are  generally  greater  with  increasing  length  of 
growing  season  and  availability  of  soil  moisture.  Since  deer  are  influenced  by  plant 
succession,  the  response  time  and  magnitude  of  deer  population  response  to  clearcut- 
ting  or  burning  correspondingly  vary  along  these  gradients.  Similarly,  the  potential 
for  damage  to  conifer  regeneration  by  deer  varies,  being  greater  where  growing  condi¬ 
tions  for  conifers  are  less  favorable.  Thus,  although  similarities  in  timber  manage¬ 
ment  and  patterns  of  plant  response  widely  prevail  throughout  this  region,  differences 
in  speed  of  succession  cause  differences  in  deer  population  response. 

Element*  otf  the  deet- Softest  conflict-- The  even-aged  forests  of  this  region,  when 
fully  stocked,  form  a  virtually  complete  crown  closure  within  2  or  3  decades.  Very 
little  plant  growth  occurs  in  the  dense  shade  of  the  forest  floor.  Deer,  which  must 
obtain  their  forage  within  4  feet  of  the  ground,  may  shelter  in  such  a  forest,  but 
they  must  feed  elsewhere.  Places  where  there  is  sufficient  light  for  the  production 
of  understory  vegetation  include  the  "overmature"  forest  with  its  openings  caused  by 
the  falling  of  limbs  and  trees,  the  forest  edge,  and  areas  cleared  of  trees,  such  as 
burns  and  clearcuts;  such  places  produce  forage  suitable  for  deer.  With  intensive 
forest  management,  the  "overmature"  forest  disappears,  the  patchy  clumping  of  natural 
regeneration  is  evenly  replaced  by  planted  seedlings,  and  the  addition  of  nitrogen 
hastens  foliar  growth  and  crown  closure.  At  the  same  time,  fertilized  containerized 
seedlings  are  nutri tional ly  attractive  to  deer,  particularly  if  alternative  food 
choices  have  been  reduced  by  herbicide  treatment. 

Impact*  ofi  on.e*t  management  pattern*  on  deen.  population*- -Removal  of  trees, 
whether  by  thinning  or  cl  earcutting ,  encourages  understory  plants  which  constitute 
potential  deer  forage.  The  degree  of  use  that  a  given  foraging  area  will  receive  is 
dependent  upon  deer  density,  individual  home  range  size,  and  quality  of  the  habitat  as 
related  to  degree  of  interspersion ,  species  composition,  and  adequacy  of  escape  and 
thermal  cover. 

For  an  animal  to  be  attracted  to  a  cl earcutti ng ,  that  animal  must  be  aware  that 
the  cutting  exists.  In  this  respect  home  range  size  is  important.  Generally  speaking, 
black-tailed  deer  have  relatively  small  home  ranges.  Average  annual  home  range  sizes 
of  resident  populations  have  been  reported  as  about  130-260  hectares  (320-640  acres) 
for  black-tailed  deer  in  the  California  chaparral  [Dasmann  and  Taber,  1956]  and  70-100 
hectares  (170-250  acres)  in  the  Tillamook  Burn  area  of  northwestern  Oregon  [Miller, 
1970],  with  bucks  tending  to  have  larger  home  ranges  than  does.  Migratory  populations 
have  two  such  seasonal  home  ranges  connected  by  migratory  pathways. 
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On  figure:  Neither  moisture  nor  temperature  major  environmental  constraints 
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Moisture  major  environmental  constraint 


O-  coastal  redwood  forests 

1-  Tsuga  heterophylla 

2-  Abies  amabilis 

3-  Tsuga  mertensiana 

4-  Abies  lasiocarpa 

5-  SW  Oregon  mixed  conifer 

6-  Pseudotsuga  menziesli 
7=  Abies  grandis 

8-  Mixed  evergreen 


Temperate  major  environmental  constraint 


§  10  15  20  25 

DROUGHT  STRESS  INDEX  (Atmospheres) 


FTguAe  /--Distribution  of  some  of  the  major  forest  zones  within  an  environmental  field 
based  on  moisture  (maximum  plant  moisture  stress  during  the  dry  season)  and  temperature 
(optimum  growth  days  computed  by  the  procedure  of  Cleary  and  Waring  [1969]) 
[SouAce:  FaankZan  avid  Vyh.nej>i  [  7973],  wdXk  moctitfdcataoviA] 
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Assuming  an  average  seasonal  home  range  of  about  80  hectares  (diameter  1  kilom¬ 
eter),  a  deer  from  about  1  kilometer  distant  would  be  expected  to  be  aware  of  a  new 
clearcut  or  burn.  Following  this  reasoning,  a  10-hectare  clearcut  in  a  mature  forest, 
where  deer  density  is  4  per  square  kilometer,  will  attract  about  4  deer;  browsing 
pressure  will  potentially  be  about  1  deer  per  2.5  hectares.  However,  a  40-hectare 
clearcut,  4  times  as  large,  would  also  attract  about  4  deer,  so  its  potential  browsing 
pressure  would  be  only  about  1  deer  per  10  hectares.  Thus,  deer  density,  home  range 
size,  and  clearing  size  (and  proximity  to  other  clearings)  interact  in  determining  the 
potential  degree  of  use  of  a  given  cutting  or  burn  area. 

In  addition  to  these  considerations,  the  actual  degree  of  use  of  a  given  cutting 
or  burn  area  will  depend  upon  its  attractiveness  to  deer,  which  is  affected  by 
topography,  disturbance  factors,  and  age  of  the  cutting  or. burn  interacting  to  affect 
the  species  composition  and  forage  production  of  a  given  site.  The  relative  amount  of 
foraae  available  is  a  major  factor  affecting  deer  selection  between  particular  plant 
communities  [Miller,  1968],  In  the  western  hemlock  zone  of  western  Washington,  deer 
use  commonly  corresponds  with  total  available  forage  production,  and  use  peaks  at 
about  15  to  25  years  following  clearcutting  [Brown,  1961].  In  the  coastal  redwood 
areas,  this  peak  comes  earlier  [Browning  and  Lauppe,  1964].  In  either  case,  the  sub¬ 
sequent  decline  of  forage  production  is  caused  by  the  increasing  shade  cast  by  the 
young  conifer  canopy.  The  degree  of  interspersion  of  forage,  water,  and  cover  is. also- 
important,  and  for  this  reason,  small  openings  are  much  preferred  over  large  openings. 

Snow  accumulation  is  a  critical  factor  affecting  deer  use  of  vegetative  communi¬ 
ties  in  winter.  The  upper  elevational  limit  for  migratory  populations  is  set  by  snow 
depth,  and  as  little  as  3  or  4  inches  of  new  snowfall  reportedly  drives  deer  to  a 
lower  level  [McCullough,  1964].  On  Vancouver  Island,  Jones  [1974]  found  that  deer  use 
of  clearcuts  was  nearly  eliminated  by  deep  snow  accumulations  and  that  mature  timber, 
where  snow  depth  was  less,  was  a  critical  element  of  deer  winter  range.  Second-growth 
forest  was  not  satisfactory  because  of  the  lack  of  available  forage. 

Elevation,  exposure,  and  slope  affect  the  depth  and  persistence  of  snow,  the 
thermal  regime  for  deer,  and  the  phenology  of  the  vegetation.  Ihus,  topographic  vari¬ 
ations  create  certain  favorable  areas  where  deer  tend  to  congregate..  In  winter,  these 
are  typically  moderately  sloping  southerly  exposures  at  lower  elevations.  These  are 
particularly  preferred  when  the  first  flush  of  spring  growth  appears,  an  event  which 
occurs  earlier  on  these  sites  than  on  others.  Higher  elevations  or  northerly  expo¬ 
sures  are  more  favored  in  summer. 

The  conventional  model  of  black-tailed  deer  population  response  to  clearcutting, 
proposed  by  Lawrence  [1969],  was  illustrated  by  Brown  [1961]  for  the  western  hemlock 
zone  of  western  Washington  (fig.  2).  The  concept  is  that  deer  populations,  originally 
with  a  density  of  about  4  deer  per  square  kilometer  (about  10  per  square  mile), 
increase  to  a  density  of  as  many  as  25  deer  per  square  kilometer  (65  per  square  mile) 
by  about  20  years  following  logging,  in  response  to  increased  forage  production.  They 
then  gradually  decrease  to  very  low  numbers,  such  as  1  or  2  deer  per  square  kilometer 
(2  to  5  per  square  mile),  with  canopy  closure  of  the  conifer  second  growth.  Failure 
of  conifers  to  regenerate  permits  the  shrub  layer  to  endure  and  so  enhances  and  pro¬ 
longs  the  peak  of  deer  density.  The  concept  further  assumes  that  clearcutting  is  con¬ 
ducted  in  a  patchwork  pattern  and  that,  although  some  local  deer  populations  are 
declining,  others  are  increasing.  The  net  affect  is  a  greatly  enhanced  carrying  capa¬ 
city  of  the  landscape  as  a  whole  for  black-tailed  deer. 

Although  such  a  model  is  intuitively  appealing,  its  simplicity  masks  many  of  the 
relationships  critically  affecting  deer  population  response  to  timber  management  and 
forest  succession.  The  model  is  most  appropriate  for  clearcutting  in  mature  forest  at 
low  elevations.  With  intensifying  timber  harvest,  old-growth  stands  at  1 ow  el evations 
are  becoming  rare  and  dense  second-growth  stands  common,  although  clearcutting  of 
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VlguAt  2--Brown's  [1961]  model  of  the  effect  of  forest  succession  and  success  or  fail¬ 
ure  of  regeneration  of  coniferous  forest  species  on  a  hypothetical  deer  population 
(western  hemlock  zone,  western  Washington) 
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mature  forests  at  higher  elevations  (for  example,  Pacific  silver  fir  zone  in  western 
Washington)  is  increasing.  For  migratory  deer,  this  means  an  enhancement  of  summer 
forage  resources  but  also  a  decline  in  available  winter  forage.  Since  migratory  popu¬ 
lations  are  not  limited  by  their  summer  resources  in  such  a  situation,  an  increase  of 
summer  forage  following  cl  earcutting  will  not  be  accompanied  by  the  increase  in  deer 
population  predicted  by  the  model.  Furthermore,  severe  winter  competition  with  resi¬ 
dent  deer  should  be  expected  to  limit  resident  deer  population  levels  with  the  conse¬ 
quent  result  that,  even  if  winter  forage  availability  were  increased,  resident  deer 
populations  might  not  show  the  response  predicted  by  this  model.  Competition  for  _ 
forage  on  deer  winter  ranges  can  deplete  preferred  foods  and  result  in  heavy  browsing 
damage  to  conifer  seedlings. 


As  with  other  herbivores  in  temperate  regions,  deer  tend  to  feed  most  heavily 
when  forage  is  most  abundant  and  nutritious— the  spring  and  summer— and  store  fat, 
which  is  drawn  upon  in  the  leaner  times  of  winter.  Winter  foods,  though  nutritionally 
inferior  to  summer  foods,  are  nevertheless  important,  as  shown  by  the  rapid  onset  of 
starvation  when  a  few  inches  of  snow  covers  the  evergreen  trailing  blackberry,  a  pri¬ 
mary  winter  food  plant. 

Food  kabW>--  Food  habits  of  the  black-tailed  deer  vary  geographically  (table  !), 
but  several  species,  such  as  Douglas-fir,  salal,  huckleberry,  and  fireweed,  are  widely 
used  to  some  degree  when  available.  Consumption  of  herbaceous  material . vat i es 
seasonally,  but  browse  consistently  provides  the  major  portion  of  the  diet  (tig.  6). 


In  spring,  grasses,  sedges,  and  early  greening  forbs  provide  a  nutritious  source 
of  forage.  As  other  herbaceous  species  become  available  and  winter-dormant  shrubs 
grow  leaves,  the  diet  becomes  more  diverse.  The  range  of  food  items  is  greatest  in 
summer  and  begins  declining  in  the  fall. 


In  winter,  herbaceous  biomass  is  much  reduced  in  abundance  and  quality,  many 
shrubs  drop  their  leaves,  and  occasional  snows  reduce  forage  availability.  Shelter 
from  exposure  is  afforded  by  a  young  regenerating  forest,  but  this  has  little  deer 
forage  in  the  understory. 


Although  deer  are  known  to  prefer  plants  which  are  especially  nutritious,  the 
nutrient  content  of  plants  is  not  always  correlated  with  their  pal atabi 1 i ty .  The 
specific  basis  upon  which  a  deer  selects  a  bite  of  forage  has  not  been  positive  y 
identified.  There  seems  to  be  a  positive  correlation  between  palataoility  and 
diqestibility  or,  perhaps  more  precisely,  a  negative  correlation  between  pal atabi I lty 
and  volatile  oils  that  inhibit  the  growth  of  rumen  micro-organisms  [Longhurst  and 
others,  1968;  Oh  and  others,  1968;  and  Radwan  and  Croucn,  1974]  Although  olfaction 
is  the  primary  sense  used  by  deer  to  discern  the  plants  they  prefer  [Longhurst  and 
others,  1968],  taste  may  also  be  important  [Crawford  and  Church ,  1971 ].  Given  oui  _ 
present  state  of  knowledge,  it  seems  best  for  deer  to  have  a  variety  of  l piant  species 
choices,  since  a  mixed  diet  can  successfully  include  small  amounts  of  the  less  pala¬ 
table  forage  species . 


Nutrient  quality  of  available  forage  varies  seasonally,  being  lowest _ in  winter 
(table  2).  Einarsen  [1946b]  felt  protein  was  an  especially  critical  nutrient  limit¬ 
ing  black-tailed  deer  (Dasmann  and  Dasmann  [1963]  also  believed  the  same)  and  that  a 
minimum  protein  content  of  about  5  percent  was  necessary  for  winter  maintenance  A 
fair  figure  for  daily  requirement  of  nutritious  forage  is  about  1.7  kilograms  of 
air-dry  forage  per  50  kilograms  of  body  weight  (3.3  pounds  per  100  pounds),  or  about 
3  7  kilograms  of  green  forage  for  an  animal  weighing  60  kilograms  (8  pounds  forage 
for  a  130-pound  deer)  [Palmer,  1944;  Cowan,  1956].  Actual  consumption,  however, 
should  be  expected  to  vary  with  the  palatability  of  available  forage  -consumption 
being  greater  during  summer  and  less  during  winter.  Presumably  the  more  nutritious 
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Table  1.  Major  forage  species  in  the  diets  of  black-tailed  deer 


Species 

British,  , 

Col umbi a— 

western  ?/ 
Washington— 

western 

Oregon—^ 

northern . . 
Cal i forni a— 

TREES 

Acca  cJjicJ.yiatu.rn 

X 

X 

Ac.ca  macAopkyltum 

X 

X 

A tnuA  AubAa 

X 

X 

X 

AAbutuA  mcnztcAtt 

X 

X 

LtthocaApuA  dcnAt-^loAa 

X 

PAunuA  maAgtnata 

X 

X 

P6cudot6uga  mcnztcAtt 

X 

X 

X 

X 

Qu.cAc.li6  cliAy6olcpt6 

X 

Sc.qu.ota  6e.mpcAvtAc.n6 

X 

Thuja  pltcata 

X 

X 

T6uga  hctcAophytia 

X 

SHRUBS 

BacckaJuA  pttutaAdA 

X 

BcAbcAt6  ncAvo6a 

X 

Ccanothu6  6angutncuA 

X 

CcanothuA  spp. 

X 

CcnaothuA  vctuttnuA 

X 

CoAnuA  nuttaltt 

X 

CoAytuA  coAnuta 

X 

GaultkcAta  AhaZton 

X 

X 

X 

X 

HoZocJacua  cUacoIoa 

X 

RhamnuA  puAchtama 

X 

RtbcA  6nagutncum 

X 

R 06a  gymnocaApa 

X 

RubuA  ZcucodcAmtA 

X 

RubuA  macAopctatuA 

X 

X 

RubuA  paAvt^toAuA 

X 

X 

RubuA  ApcctabttlA 

X 

X 

Saltx  spp. 

X 

X 

X 

Sambuc.uA  Aaccmo6a 

X 

X 

SptAca  spp. 

X 

i/accJntum  ovatum 

X 

[/ accJntum  puAvt^oltum 

X 

X 

l/acctntum  spp. 

X 

HERBS 

grasses 

X 

X 

X 

X 

sedges 

X 

X 

Ago6CAtA  spp. 

X 

AnaphaLiA  maAgaJidtacca 

X 

X 

Blccknum  6ptcant 

X 

Eptlobtum  anguAttfiottum 

X 

X 

X 

X 

EqudActum  spp. 

X 

X 

X 

HypochacAtA  Aadtcata 

X 

LotuA  spp. 

X 

X 

OxoUa  spp. 

X 

Pkacclta  spp. 

X 
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Table  1.  Major  forage  species  in  the  diets  of  black-tailed  deer  (continued) 


Species 

British 

western 

western 

northern 

Col umbial/ 

Was  hi ngton£/ 

Oregon^/ 

Cal ifornia!/ 

HERBS  (cont.) 

Plantago  spp. 

VotLj&tsialvm  spp. 

X 

X 

Vtejvidiam  aqaLbimm 
TAi&oLium  spp. 

[/ancouve,Ala  plani.pe,t(ila 

X 

X 

X 

X 

MOSS  and  LICHENS 

UAnea  baAbata 

X 

2/  western  hemlock  zone,  Brown  [1961] 

3/  western  hemlock  zone,  Einarsen  [1946a],  Cowan  [1956],  Crouch  [1968] 
4/  coast  redwood  forest,  Browning  and  Lauppe  [1964] 
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Vancouver  Island,  Sitka  spruce  and 
western  hemlock  zones.  Data  from 
Cowan  [1945] 
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Fcgu/ie  3--Changes  in  composition  of  black-tailed  deer  diets  in  three  different  geo¬ 
graphic  regions 


Table  2.  Percentage  crude  protein  content  of  deer  forages,  Tillamook  Burn  area, 
northwestern  Oregon.  From  Einarsen  [1946a]. 


Speci es 

June 

December 

vine  maple 

(Acca  cJJictnatum) 

12.83 

5.31 

red  alder 

[Ainas  siub/ia) 

11.48 

7.49 

sal  monberry 

(Rubai  spzcXabiLLs ) 

9.42 

7.32 

red  elderberry 

( SambucuA  tiacmosa) 

27.75 

9.71 

thi mb! eberry 

[Rubai  paAvi{)lon.ui) 

8.58 

4.25 

f i reweed 

( Epilobium  angastl folium) 

17.69 

★ 

*not  available  in  winter 


foods,  being  more  readily  digestible,  pass  more  rapidly  through  the  digestive  tract, 
allowing  a  greater  total  daily  intake. 

Response.  o{)  ^onago.  plants  to  fatAn  and  logging-- Three  major  effects  of  disturbance 
by  cl  earcutting  or  fire  on  deer  forage  plants  in  forests  of  the  Pacific  Northwest  are 
a  change  in  plant  species  composition,  an  increase  in  forage  production,  and  changes 
in  nutrient  quality  [Taber,  1973].  In  the  mature  forest,  understory  vegetation  is 
suppressed  by  shading  and  is  low  in  nutrient  quality.  Removal  of  the  dense  conifer 
canopy  encourages  the  growth  of  understory  plants.  When  this  removal  is  by  clear- 
cutting,  scarification  of  the  ground  surface  enhances  the  opportunity  for  invading 
species  to  become  established.  This  increases  the  variety  of  species  available  as 
deer  forage.  When  fire  is  involved,  ash  temporarily  enhances  the  soil  fertility  of 
the  site,  and  it  also  eliminates  conifer  seedlings  already  established  in  the  mature 
forest,  thereby  temporarily  delaying  reestablishment  of  conifer  domination. 

Although  the  composition  of  the  plant  community  growing  within  a  clearcut  is 
strongly  dependent  upon  the  understory  composition  of  the  forest  before  disturbance, 
it  is  also  affected  by  any  soil  disturbance  during  logging,  methods  of  slash  disposal, 
fire,  and  herbicide  treatment.  Generally,  the  number  of  species  present  in  the  com¬ 
munity  is  greatest  during  the  period  from  5  to  20  years  following  disturbance  (tables 
3  and  4).  Vascular  understory  biomass  tends  to  peak  slightly  later  (table  4). 

Although  summer  deer  forage  availability  is  generally  much  greater  in  clearcuts  than 
in  old-growth  forest  (tables  4  and  5),  this  relationship  does  not  necessarily  hold 
true  during  winter  (tables  5  and  6).  Winter  forage  is  often  more  abundant  in 
old-growth  stands  than  in  adjacent  clearcuts,  particularly  when  snow  accumulations 
limit  forage  availability  [Jones,  1974]. 
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Table  3.  Richness  (number  of  species),  evenness  [Pielou,  1966],  and  diversity 

[Brillouin,  1962]  for  five  different-aged  Doug! as-fi r/sal al  stands  (western 
hemlock  zone,  western  Washington);  from  Long  [1977]. 


Item 

Stand  Age  (years) 

5 

22 

30 

42 

73 

Ri chness 

41 

19 

31 

24 

23 

Evenness 

0.70 

0.51 

0.55 

0.55 

< 

0.66 

Di  versity 

3.76 

2.27 

2.78 

2.58 

3.17 

Table  4. 

Richness  (number  of  species)  and  aboveground  biomass 
oven-dried)  of  vascular  understory  species  for  eight 
hemlock/ovalleaf  huckleberry  stands  (Pacific  silver  ■ 
Washington).  Data  from  Long  [1976]. 

(kilograms  per  hectare, 
different-aged  western 
fir  zone,  western 

Item 

Stand  Age 

(years 

) 

1 

3 

7 

'  17 

25 

46 

250 

550 

Ri chness 

9 

14 

16 

15 

12 

13 

15 

10 

Total  aboveground 
biomass 

289 

1214 

1676 

1854 

4238 

181 

421 

442 

Total  deer  forage 

255 

898 

1524 

1389 

4162 

166 

396 

392 

Total  deer  browse 

218 

895 

964 

1365 

4162 

166 

396 

371 
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Table  5.  Wet  weights  in  kilograms  per  hectare  (pounds  per  acre  in  parentheses)  of 

available  deer  forage  in  mature  and  clearcut  forests  (western  hemlock  zone, 
Vancouver  Island).  From  Gates  [1968], 


Season 

Mature  Forest 

Clearcut  (age,  years) 

4 

9  10 

14 

Wi nter 

481 

62 

257 

385 

(428) 

(  55) 

(229) 

(  343) 

Summer 

483 

1065 

1449 

1251 

(430) 

(  948) 

(1290) 

(1114) 

Table  6. 

Percentage  cover  (in 

the  fal 1 )  of 

prominent  understory  species 

in  logged 

and  unlogged  habitats 
Jones  [1974]. 

(western  hemlock  and  Pacific  silver  fir 

zones).  From 

Type  of  habitat 

huckl e- 
berr.y 

sal  al 

western 
redcedar  & 

Al aska-cedar 

Douglas- 
f  i  r 

western 
heml ock 

Paci f i c 
sil ver 
fi  r 

Mature  (160+  years) 

high  elevation 
(open  crown  cover) 

60 

0 

5 

0 

1 

10 

low  and  medium 

el evati on 

(open  crown  cover) 

25 

30 

0 

0 

20 

5 

low  and  medium 
elevation 

(closed  crown  cover) 

1 

0 

0 

0 

25 

5 

Second-growth  (10-20 
years ) 

5 

5 

10 

10 

10 

0 

Clearcut  (0-10  years) 

1 

5 

0 

1 

0 

0 
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Einarsen  [1946b]  found  that  opening  the  forest  canopy  by  fire  resulted  in 
increased  crude  protein  content  of  common  deer  forages  in  northwestern  Oregon  (table 
7).  But,  this  same  relationship  could  not  be  established  by  Brown  [1961]  for  clear- 
cutting  in  western  Washington  (table  8).  Rather,  the  nutrient  quality  appears  to  drop 
immediately  after  logging,  followed  by  a  rise  in  the  early  stages  of  succession  and  a 
steady  drop  as  conifers  regain  dominance  in  the  second-growth  stage  (fig.  4).  Crude 
fiber  was  high  in  the  mature  forest,  higher  immediately  after  logging,  and  then  low 
(favorable  for  digestion)  through  year  25.  The  apparent  contradiction  in  these  data 
is  probably  related  to  fire  [Taber,  1973].  Increase  in  crude  protein  content  follow¬ 
ing  burning  is  probably  not  due  to  the  resultant  increase  in  light,  but  rather  to  the 
fertilizing  effects  of  the  ash. 


Table  7.  Midwinter  crude  protein  content  (percent)  of  deer  forage  species  in  four 

different-aged  stands  in  northwestern  Oregon  (western  hemlock  zone).  From 
Einarsen  [1946b]. 


Species  New  Burn 

3 

-Month  Burn  6-Year  Burn 

Mature 

fi reweed 

— 

12.42 

9.90 

— 

vine  maple 

3.75 

8.39 

4.47 

3.72 

thimbleberry 

4.15 

11.60 

4.73 

3.44 

bl ackberry 

— 

14.91 

7.27 

— 

sal  monberry 

6.65 

13.07 

7.17 

5.68 

Table  8.  Crude  protein 

and  crude 

fi  ber 

contents 

in  percentage  of  dry  weight 

in  four 

deer  forages 

avai 1  able 

in  January  on  newly  logged,  20-25  years 

past 

logging, 

and  mature  forest  (western  Washington, 

western  hemlock  zone). 

From 

Brown 

[1961]. 

Species 

Mature 

Newly  Logged 

20 

-25  Years 

- CRUDE  PROTEIN - 

trailing  blackberry 

11.50 

10.92 

9.94 

western  redcedar 

7.79 

5.59 

huckl eberry 

7.47 

6.85 

7.52 

salal 

7.35 

- CRUDE  FIBER - 

6.74 

trailing  blackberry 

18.80 

25.65 

14.45 

western  redcedar 

22.23 

25.05 

huckleberry 

38.25 

38.83 

36.98 

sal  al 

22.65 

22.65 
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YEARS  SINCE  LOGGING 


FiguAd  4--Crude  protein  and  crude  fiber 
mature  forest  and  at 

[ Data  aJia  fi/iom  B Aotvn  [  796  7  ]  in  Januany, 
VdCdmbdA,  1/ancouvdA  li, land,  as  mpoAted 


content  of  trailing  blackberry  leaves  in 
several  ages  after  logging 

tvestdAn  Washington,  and  Gates  [  7966]  in 
by  TabdA  [7973] 
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A  managerial  practice  of  great  potential  importance  for  deer  forage  production  is 
thinning,  whether  precommercial  thinning  or  commercial  thinning.  The  general  conse¬ 
quence  of  thinning  is  that  light  reaching  the  forest  floor  increases,  and  the  poten¬ 
tial  for  the  production  of  understory  vegetation  increases  correspondingly .  Since 
thinning  is  only  now  beginning  to  be  widely  practiced,  its  consequences  for  deer 
forage  have  not  been  quantified,  but  it  may  well  have  profoundly  beneficial  effects  on 
low-elevation  habitats  in  the  future. 

On  the  opposite  side  are  herbicide  treatment  and  forest  fertilization.  Spraying 
of  herbicides  for  "brush  control"  before  the  planting  of  conifer  seedlings  reduced 
deer  forage.  Nitrogen  fertilization  is  commonly  applied  to  the  young  regenerating 
forest--at  perhaps  15  to  20  years  of  age.  It  generally  causes  an  increase  in  foliar 
growth,  which  results  in  more  complete  canopy  closure  and  more  profound  shading  of  the 
forest  floor,  with  corresponding  decline  in  the  understory  vegetation. 

Influence  oj  dccn  on  potest  composition  and  succession-- The  most  intensively 
studied  deer-plant  relationship,  by  far,  is  the  browsing  by  deer  on  seedlings  of  coni¬ 
fers  in  the  regenerating  production  forest.  Following  timber  harvest,  and  perhaps 
herbicide  treatment,  the  site  is  generally  planted  with  nursery-grown  seedlings  of 
selected  genetic  stock,  often  in  containers  of  nutrient-rich  soil.  Two  seasons  of 
seedling  damage  by  deer  exist.  Winter  damage,  which  is  localized,  is  due  essentially 
to  a  shortage  of  available  alternate  foods.  Young  Douglas-fir,  for  example,  is  not 
high  on  the  winter  forage  preference  scale,  but  it  is  often  highly  available  when 
little  else  is.  So  alternative  forage  and  deer  density  are  important  factors  in 
winter  damage  [Roy,  1960;  Crouch,  1966a,  1968;  Hines  and  Land,  1974].  Conifer  seed¬ 
ling  height  is  also  important,  with  greatest  damage  to  seedlings  of  about  30  centi¬ 
meters  [Dimock,  1971;  Hines  and  Land,  1974];  after  a  seedling  reaches  100  centimeters, 
damage  is  negligible  [Campbell,  personal  communication]. 

With  the  production  of  new  stem  growth  in  the  spring,  Douglas-fir  seedlings  rise 
on  the  forage  preference  scale;  browsing  of  the  apical  bud  inhibits  height  growth  and 
prolongs  vulnerability.  Where  deer  use  is  heavy,  plant  species  little  used  by  deer, 
such  as  red  alder  and  bracken  fern,  overtop  the  Douglas-fir  seedlings  early  and  pro¬ 
long  their  vulnerability  to  browsing  damage  [Crouch,  1974].  Clipping  studies  in  the 
Tillamook  Burn  area  of  northwestern  Oregon  revealed  that  deer  use  was  potentially 
more  damaging  to  seedlings  planted  on  heavily-shaded  than  on  open  sites  [Crouch, 
1966b]. 

Various  attempts  have  been  made  to  develop  an  effective  repellent,  and  at  least 
one  formulation  is  in  operational  use.  Mechanical  protection  has  proven  effective  on 
test  plots  and  is  beginning  to  be  used  operati onal ly .  An  alternate  approach,  to  grow 
preferred  forage  plants  (lure  crops)  in  conjunction  with  damage-prone  Douglas-fir 
plantations,  has  proven  effective  on  a  test-plot  scale  [Campbell  and  Evans,  personal 
communi cati on] . 

Factors  affecting  palatability  of  individual  Douglas-fir  trees  may  include  topo¬ 
graphic  location,  tree  age,  portion  of  tree  available  (tops  or  bottoms),  and  degree  of 
shading  in  environment  [Tucker  and  others,  1976].  Trees  in  dense  clumps  are  often 
avoided,  in  preference  to  more  openly-spaced  individuals  [Cowan,  1945]. 

Under  moderate,  as  opposed  to  heavy,  deer  use  Crouch  [1974]  found  that 
Douglas-fir  was  able  to  outgrow  the  nonconifers  in  the  Coast  Range  of  western  Oregon. 
Moderate  deer  use  even  appeared  to  benefit  Douglas-fir  by  reducing  competition  from 
woody  plant  species  favored  by  deer. 
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In  general,  deer  damage  to  Douglas-fir  seedlings  appears  to  be  greatest  where 
moisture  stress  is  greatest,  growth  slow,  period  of  vulnerability  relatively  long,  and 
ability  of  seedling  to  withstand  damage  is  relatively  low. 

Aside  from  this  concern  for  seedling  damage  and  its  alleviation,  our  understand¬ 
ing  of  the  effects  of  black-tailed  deer  on  forest  succession  is  rudimentary.  The 
broader  implications  of  herbivory  and  potential  control  of  plant  communities  have  not 
received  attention.  Scant  information  on  these  influences  can  be  gleaned  from  the 
1 i terature. 

On  Vancouver  Island,  Cowan  [1945]  noted  that  deer  avoided  seed  heads  of  grasses 
and  sedges;  and  consequently  deer  feeding  had  less  effect  than  that  of  domesticated 
ungulates  on  these  herbs.  He  also  noted  that  deer  use  only  infrequently  killed  shrubs 
and  trees  (other  than  Douglas-fir  and  western  redcedar) ,  but  that  preferred  species 
such  as  red  huckleberry  and  flowering  current  seldom  produced  fruit  under  heavy  deer 
utilization  pressure.  The  cumulative  effects  of  heavy  deer  browsing  on  the  vegetation 
of  Coronation  Island,  Alaska,  resulted  in  a  lowered  quantity  and  quality  of  forage 
available  to  deer  there  [Klein,  1965].  Such  negative  feedback  loops  as  these  are 
common  in  deer- vegetation  relationships  studied  in  other  North  American  forest  regions 
[e.g.,  Beals  and  others,  1960;  Halls  and  Crawford,  I960]. 

Positive  feedback  loops  also  occur.  Habeck  [1959]  found  that  on  deer  winter 
range  in  central  Wisconsin  deer  use  stimulated  vegetative  reproduction  of  important 
browse  species  with  the  consequent  increase  of  browse  with  increasing  deer  pressure 
(we  would  imagine  up  to  only  a  certain  point,  however).  That  browsing  keeps  favorite 
shrubs  within  the  reach  of  deer  is  commonly  observed  on  blacktail  ranges  as  well. 

More  subtle  influences  of  deer  on  forest  community  relationships  have  also  been 
reported  by  Habeck  [1960]  for  deer  winter  range  in  northern  Wisconsin.  There  it  was 
found  that  in  white  cedar  swamps  deer  use  affected  soil  compaction,  peat  decomposition, 
and  soil  water- retaining  capacity  in  such  a  way  as  to  create  a  more  mesic  environment 
favorable  to  the  replacement  of  the  cedar  community  by  a  more  mesic  hardwood  forest. 


V-u>acu>6ton 

Mana.gme.nt  tmp&icattoni-- In  the  range  of  the  black-tailed  deer  in  the  Pacific 
Northwest  the  value  of  timber  generally  far  exceeds  the  values  of  other  natural 
resources,  and  consequently  logging  is  the  dominant  activity  affecting  deer  habitat 
and  deer  populations.  The  interaction  of  timing,  location,  juxtaposition  of  cuttings, 
and  harvest  methods  employed,  however,  can  result  in  widely  varying  effects  on  deer 
habitat  quality.  Therefore,  where  deer  habitat  quality  is  an  important  consideration 
in  land  use  and  management,  certain  considerations  in  silvicultural  policy  can  be 
taken  to  enhance  or  detract  from  the  ability  of  a  landscape  to  produce  deer. 

In  the  present  paper  we  have  reviewed  some  general  concepts  in  black-tailed 
deer-forest  relationships.  Management  applications  for  any  given  land  unit,  however, 
must  be  considered  in  relation  to  the  unique  physical  and  biotic  properties  of  that 
unit.  The  same  silvicultural  policy  applied  universally  will  not  yield  the  same 
universal  results.  Particularly  important  in  this  respect  are  considerations  of 
forest  type  (varying  with  geographic  location  and  elevation),  type  of  deer  populations 
(resident,  migratory,  or  both),  and  unique  habitat  features  related  to  topography.  At 
a  finer  scale  of  detail,  the  land  manager  should  think  in  terms  of  habitat  type.  [t><LYU>u 
Daubenmire,  1968],  that  is,  the  kind  and  amount  of  vegetation  that  a  given  land  area 
is  capable  of  producing.  Plant  communities  differ  in  species  composition,  production, 
and  successional  relationships,  and  will  respond  differently  to  a  given  habitat 
modification. 
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Winter  range  is  the  limiting  factor  for  the  vast  majority  of  black-tailed  deer 
populations.  This  factor  is  becoming  especially  critical  as  the  rate  of  clearcutting 
is  increasing  at  higher  elevations  and  winter  ranges  at  lower  elevations  are  becoming 
fully  stocked  with  dense  canopies  of  second-growth  coniferous  forest.  The  development 
of  plans  to  create  an  integrated  pattern  of  forest  management  is  inhibited  by  mixed 
land  ownership,  desire  of  managers  to  liquidate  old-growth  forest,  the  difficulty  of 
achieving  a  desired  deer  harvest  pattern,  and  the  lack  of  incentive  for  the  private 
landowner  to  favor  increased  deer  populations. 

A  frequently  offered  solution  to  the  dilemma  of  decreased  carrying  capacity  of 
second-growth  timber  for  deer  is  a  shorter  rotation  time  between  timber  harvests 
[e.g.,  Lawrence,  1969].  Shortening  the  rotation  from  80  to  40  years,  for  example, 
would  supposedly  double  the  long-term  carrying  capacity  for  deer;  however,  this 
supposition  has  not  been  subject  to  field  investigation.  It  is  not  known  whether  the 
understory,  for  example,  would  respond  vigorously  to  such  treatment,  especially  since 
rapid  conifer  regeneration  would  be  part  of  the  pattern  of  such  intensive  forest 
management . 

The  key  to  black-tailed  deer  habitat  quality  in  the  Pacific  Northwest  is  the 
degree  of  interspersion  of  types  of  habitat.  Many  localized  areas  of  land  are  not 
suitable  for  timber  production  (for  example,  riparian  communities,  power  or  pipeline 
rights-of-way,  roadsides,  etc.)  and  the  planning  of  habitat  juxtaposition  should  not 
overlook  the  importance  of  these.  Similarly,  local  patches  of  land  where  site  quality 
for  timber  production  is  low  may  be  more  valuable  in  providing  cover  for  deer  than  in 
providing  timber. 

In  1976,  Thomas  and  others  introduced  a  system  for  establishing  el k-deer-forest 
habitat  guidelines  to  aid  land  managers  in  integrating  elk  and  deer  habitat  require¬ 
ments  with  silvicultural  policy.  A  more  detailed  manual  is  now  in  preparation.  These 
guidelines  aim  toward  optimizing  the  ratios  and  juxtaposition  of  forage  areas,  hiding 
cover,  thermal  cover,  and  water  availability  in  a  sustained-yield  timber  management 
planning  framework.  At  present  they  are  limited  to  summer  and  spring-fall  range 
relationships,  and  the  authors  emphasize  that  winter  range  habitat  modification  must 
be  planned  on  a  much  more  individual  basis.  These  guidelines  are  worthy  of  study  in 
the  development  of  a  rough  conceptual  model  for  forest  management  for  deer  in  our 
region. 

Almost  any  forestry  practice,  in  essence,  can  be  a  powerful  tool  for  enhancing 
the  quality  of  habitat  for  black-tailed  deer  and  an  equally  powerful  tool  for  reducing 
the  quality  of  habitat.  The  difference  lies  in  tailoring  the  silvicultural  policy  to 
the  deer  habitat  management  objectives. 

Fatu/ie  A£6 eaAc/i  nee<f6--The  present  review  has  made  apparent  the  need  for  a  better 
understanding  of  migratory  deer-forest  relationships,  particularly  where  migratory 
populations  share  winter  range  with  resident  herds  and  where  deer  generally  share 
range  with  increasing  populations  of  elk  (Ccauim  canadeii&'ti ) .  Also  important  is  an 
understanding  of  deer  relationships  to  succession  following  timber  harvest  of  the 
second-growth  Douglas-fir  forests  which  now  comprise  a  large  portion  of  the  Pacific 
Northwest  coastal  forest  zone,  and  the  principal  area  available  for  winter  deer  use. 
The  need  for  more  detailed  information,  particularly  regarding  how  deer  use  clearcuts 
in  relation  to  their  size  and  logging  slash,  is  also  important  as  is  a  finer  resol¬ 
ution  of  differences  related  to  vegetation  zonal  associations  and  habitat  types. 
Evidence  of  differential  mule  deer  use  of  clearcut  and'  natural  burned  areas  [Davis, 
1977]  and  Rocky  Mountain  elk  use  related  to  amounts  of  logging  slash  [Lyon,  1976] 
raises  questions  of  the  importance  of  these  relationships  to  black-tailed  deer. 
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An  area  of  deer-forest  knowledge  that  appears  to  have  gone  almost  wholly 
unrecognized,  moreover,  is  the  influence  of  deer  on  their  habitat  structure  and  biotic 
community  relationships.  Aside  from  the  impact  of  deer  on  Douglas-fir  seedlings,  we 
know  very  little  about  the  control  function  of  black-tailed  deer  on  forest  vegetation 
dynamics.  As  forest  management  intensifies,  and  public  interests  increasingly  include 
the  amenity  values  of  forest  wildlife,  our  objectives  in  deer  and  deer  habitat  manage¬ 
ment  will  broaden.  The  need  is  growing  for  a  deeper  understanding  of  the  influence  of 
deer  on  the  biotic  community  of  which  it  is  a  part. 
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IntAoducJ^ion 


Columbian  black-tailed  deer  (Odocodltu- 6  k^mlomu  columbi.anuA)  occupy  conifer 
forests  along  the  northern  Pacific  Coast  of  the  continent  from  north-central  Cali¬ 
fornia  to  northern  British  Columbia,  including  Vancouver  Island.  Blacktails  also  live 
in  chaparral  brushlands,  oak  woodlands,  and  other  habitats  but  these  deer  will  not  be 
considered  here.  Also,  nutritional  aspects  of  blacktail  food  habits  will  not  be 
di scussed. 


Little  has  been  published  on  the  food  and  feeding  habits  of  forest  dwelling 
black-tailed  deer.  Two  papers,  concerned  with  Coast  Range  habitats,  contain  a  large 
proportion  of  the  information  available.  Cowan  [1945]  reported  on  a  comprehensive 
study  conducted  on  southern  Vancouver  Island  in  the  late  1930s  and  Brown  [1961]  sum¬ 
marized  data  collected  in  western  Washington  in  the  early  1950s.  Since  Brown,  most 
studies  have  related  to  deer  browsing  damage  to  Dougl as-f irl/  in  California  [Browning 
and  Lauppe,  1963]  and  in  the  Tillamook  Burn  in  Oregon  [Crouch,  1968;  Hines,  1973]. 


Feeding  by  blacktails  on  the  Tillamook  Burn  was  the  topic  of  a  thesis  by 
Chatelain  [1947],  and  Gates  [1968]  studied  plant  succession  and  foraging  on  logged 
areas  on  southeastern  Vancouver  Island  a's  a  Master's  problem.  Food  habit  studies  were 
also  a  part  of  several  other  graduate  programs  including  those  completed  by  Rieck 
[1952]  in  Oregon,  and  Jones  [1975]  on  northern  Vancouver  Island. 

The  paucity  of  data  on  blacktail  feeding  habits  is  puzzling  because  they  comprise 
virtually  all  of  the  deer  taken  by  hunters  in  the  Douglas-fir  region,  and  a  sizeable 
portion  of  the  total  harvest  in  the  north  Pacific  states.  For  examole,  almost  44,000 


]_/  Scientific  names  of  plants  are  shown  in  table  3. 
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blacktails  were  harvested  annually  from  1972-76  in  Oregon  alone  [Ebert,  1977]. 
Obviously,  more  research  is  needed  to  successfully  manage  forage  for  blacktails. 

In  the  remainder  of  this  paper  I  will  discuss  the  forage  resources  available  to 
blacktails  and  then  summarize  feeding  patterns  based  on  published  information  and 
personal  observations. 


Forage  Rcao uacca  and  F (Lading  PatteAnA 


Food  habits  of  coastal  deer  are  limited  by  availability  of  plants  both  overall 
and  seasonally,  and  availability  varies  greatly  with  latitude  and  elevation.  The 
climate  of  north-coastal  forests  grades  from  winter  precipitation  (mostly  rainfall)  in 
northwestern  California,  to  year-round  moisture  abundance  (summer  rain  and  winter  snow) 
in  British  Columbia.  A  similar  gradient  exists  from  lower  to  higher  elevations. 

Plant  growth  cycles  follow  usual  spring-summer  growth  and  fall-winter  dormancy 
patterns  in  much  of  the  region.  On  some  California  ranges,  however,  growth  of  forage 
species  may  be  regulated  by  summer  dryness,  not  winter  cold  [Taber,  1956].  In  these 
areas,  succulent  forage  is  abundant  during  spring,  fall,  and  winter,  and  relatively 
scarce  in  summer. 

Forested  blacktail  ranges  are  characterized  by  the  presence  of  plants  that  are 
green  all  year.  Evergreen  shrubs  like  salal  and  Oregon  grape  and  ferns  occur  as 
understory  cover  in  timber  stands  and  often  make  up  a  sizeable  portion  of  the  vege¬ 
tation  present  after  logging  or  burning.  Other  evergreen  and  semi-evergreen  species 
including  tobacco-brush  and  Pacific  blackberry,  as  well  as  Douglas-fir  and  other 
conifers,  also  occur  after  logging  or  fires.  Unless  covered  by  snow  these  plants 
offer  year-round  green  feed. 

Blacktails  are  as  selective  in  their  choice  of  plant  species,  plants  within 
species,  and  parts  of  individual  plants  as  other  deer.  They  usually  eat  a  little  of 
many  plants  of  several  species  rather  than  consuming  completely  all  available  forage 
from  a  few  plants.  Although  some  species  are  preferred  more  than  others,  few  are 
completely  ignored.  Also,  species  that  are  highly  preferred  in  one  season  or  area  may 
be  totally  unattractive  at  other  times  or  places. 

In  general,  blacktails  prefer  green  leafage  which  is  most  available  to  them  dur¬ 
ing  the  growing  season  when  most  plants  have  leaves  and  succulent  stems.  Evergreen 
and  semi -evergreen  shrubs  like  salal  and  Pacific  blackberry  are  characteristic  of  the 
region  and  provide  leafage  year-round  in  many  locations.  Conifers  also  offer 
year-round  green  feed  when  small  trees  are  within  reach  of  deer  or  when  snow  or  wind 
break  limbs  from  larger  trees. 

Browse,  the  feed  produced  by  woody  plants,  provides  the  plant  parts  most  eaten 
throughout  the  range  (table  1)  and  increases  in  importance  northward  through  the 
blacktail  range.  Deer  eat  the  leaves  of  most  deciduous  species,  but  buds  and  twigs  of 
most  rank  low  as  forage  during  dormant  periods.  Forbs  are  an  important  forage  source 
(table  1),  but  are  available  primarily  during  growing  seasons,  which  are  progressively 
shorter  as  latitude  and  altitude  increase.  Forbs  are  about  constant  in  importance 
over  the  region. 

Grasses  have  long  been  recognized  as  important  feed  for  blacktails  (table  1).  On 
more  southerly  ranges  and  at  lower  elevations,  grasses  begin  growth  after  fall  rains 
and  provide  green  feed  throughout  the  winter  where  snowfall  is  minimal.  The  only 
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Table  1.  Annual  diets  of  black-tailed  deer  on  four  Coast  Range  habitats  (data  adapted 
from  listed  sources). 


Location  and  source 

Browse 

Forbs,  fungi, 
other 

Grasses  and 
grasslike  plants 

- Percent — 

Cal  i  form’ a 

[Wildlife  Investigations 
Laboratory,  Undated] 

49 

27 

24 

Oregon 

[Crouch,  Unpublished] 

59 

25 

16 

Washington 

[Brown,  1961] 

65 

25 

10 

Vancouver  Islandl/ 

[Cowan,  1945] 

71 

27 

2 

1/  Percent  of  identified  material. 


other  green  feeds  are  residual  leaves  of  evergreen  trees  and  shrubs,  and  winter-active 
forbs.  Grasses  decline  dramatically  in  importance  to  deer  from  south  to  north  in  the 
Coast  Range. 

Blacktails  usually  have  abundant  forage  in  some  seasons,  and  face  shortages  in 
others.  In  most  areas,  more  forage  is  available  than  can  be  utilized  by  reasonable 
numbers  of  deer  in  the  late  spring,  summer,  and  fall.  In  winter,  and  early  spring, 
feed  may  be  severely  restricted  because  of  low  residual  supplies,  inaccessibility  due 
to  snow  cover,  or  poor  early  growth. 

Table  2  shows  seasonally  important  forage  plants  in  four  widely  separated 
locations.  Available  evidence  from  all  of  these  areas  indicates  that  green  feed  is 
available  and  contributes  most  of  the  plant  material  eaten  during  most  of  the  year. 
Even  in  winter,  when  succulent  forage  is  traditionally  scarce,  blacktails  still 
depend  primarily  on  residual  green  leafage  from  the  previous  growing  season,  or  on 
grasses  and  forbs  that  actually  grow  during  winter.  Nearly  all  of  the  plants  listed 
in  table  2  in  winter  provide  green  forage  at  that  time. 

Residual  twigs  of  woody  plants  are  generally  of  little  importance  to  wintering 
deer  in  Coast  Range  habitats.  Regionally,  only  huckleberry  and  several  species  of 
ceanothus  are  important  shrubs  providing  substantial  amounts  of  twigs.  Although  most 
winter  feeding  occurs  in  openings,  mainly  cutover  or  burned  areas,  several  of  the  more 
common  winter  forage  plants,  including  salal,  grow  abundantly  in  the  forest  understory. 
This  is  important,  especially  at  more  northerly  latitudes,  where  blacktails  character¬ 
istically  depend  on  timbered  sites  for  food  and  cover  during  winter  [Jones,  1974]. 
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Table  2.  Major  seasonal  forage  plants  of  black-tailed  deer  on  four  Coast  Range  habi¬ 
tats  (data  adapted  from  listed  sources). 


Season 

Location  and  source 

Spring 

Summer 

Cal i forni a 

[Wildlife  Investigations 
Laboratory,  Undated] 

Madrone 

Doug!  as-fi  r 

Whi ppl ea 

Horsetai 1 

Grasses 

Madrone 

Coast  whitethorn 
Evergreen  huckleberry 
Tobacco-brush 

Starflower 

Oregon 

[Crouch,  Unpublished] 

Cats-ear 

Ocean-spray 

Bi ttercherry 
Blackcap 

Dougl  as-fi  r 

Cats-ear 

Thimbl eberry 

Bi ttercherry 

Vine  maple 

Hazel 

Washington 

[Brown,  1961] 

Grasses 

Pacific  blackberry 
Cats-ear 

PI antai n 

Huckl eberry 

Pacific  blackberry 
Cats-ear 

PI antai n 

Vine  maple 

Cl  over 

Vancouver  Island 
[Cowan,  1945] 

Dougl  as-fi  r 

Wi 1 1 ow 

Horsetai 1 

Bracken 

Sal  al 

Salal 

Red  alder 

BI  ackcap 

Willow 

Grasses 

Season 

Location  and  source 

Fall 

Wi nter 

Cal i forni a 

[Wildlife  Investigations 
Laboratory,  Undated] 

Grasses 

Acorns 

Canyon  live-oak 
Phacel i a 

Sal  al 

Grasses 

Tobacco-brush 

Horsetai 1 

Madrone 

Tanoak 

Oregon 

[Crouch,  Unpublished] 

Pacific  blackberry 
Blackcap 

Grasses 

Big  deervetch 

Bi ttercherry 

Grasses 

Pacific  blackberry 

Iri  s 

Salal 

BI ackcap 

Washington 

[Brown,  1961] 

Pacific  blackberry 
Vine  maple 

Red  alder 

Huckl eberry 

PI antai n 

Pacific  blackberry 
Grasses 

Salal 

Huckl eberry 

PI antai n 
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Table  2.  Major  seasonal  forage  plants  of  black-tailed  deer  on  four  Coast  Range  habi¬ 
tats  (data  adapted  from  listed  sources).  (Continued) 


Season 


Location  and  source 

Fall 

Wi nter 

Vancouver  Island 

Sal  al 

Dougl  as-fi  r 

[Cowan,  1945] 

Red  alder 

Lichens 

Mushrooms 

Sal  al 

Dougl  as-fi  r 

Mushrooms 

Wi 1  lows 

Redcedar 

Blacktails  seem  to  thrive  on  cutover  and  burned  Coast  Range  habitats  even  where 
no  timber  cover  is  available,  at  least  in  the  southern  half  of  their  range.  These 
areas  generally  produce  much  larger  quantities,  and  a  far  greater  variety,  of  forage 
plants  than  stands  of  uncut  timber. 

Current  estimates  of  deer  numbers  throughout  the  blacktail's  range  leave  no  doubt 
that  both  the  food  supply  and  the  deer  have  capabilities  for  the  production  of  large 
numbers  of  animals.  Annual  forage  supplies  should  remain  adequate  as  long  as  logging 
practices  provide  the  combination  of  habitats  and  successional  stages  necessary  for 
maintaining  the  black-tailed  deer  inhabiting  any  particular  geographical  region. 


Table  3.  Common  and  scientific  names  of  plants  in  text  and  tables  [mostly  from 
Hitchcock  and  Cronquist,  1973]. 


Common  names 


Scientific  names 


BROWSE 

Acorns 

Bi ttercherry 

B1 ackcap 

Canyon  live-oak 

Coast  whitethorn 

Douglas-fi  r 

Evergreen  huckleberry 

Hazelnut 

Huckl eberry 

Madrone 

Ocean-spray 

Oregongrape 

Pacific  blackberry 

Red  alder 

Redcedar 


Qucacua  and  Lutko caApuA  spp 
Vauvlua  cmaAgtnata 
RuboA  teucodcAmdA 
Qucacua  chAyAotcpdA 
CcanothuA  tncan.uA 
VAcudotAuga  mcnztcAtl 
{/acctntum  ovcutum 
CoAytuA  coAnuta 
\Jacctvu.um  paAvtfiottum 
A AbutuA  mCnztCAtt 
Ho  to  cUa  CUA  dlA  CO  to  A 
BcAb&uA)  neAvoACL 
RubuA  uAAtnuA 
ktnuA  AubAa 
Thuja  pticata 
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Table  3.  Common  and  scientific  names  of  plants  in  text  and  tables  [mostly  from 
Hitchcock  and  Cronquist,  1973].  (Continued) 


Common  names 

Scientific  names 

BROWSE  (cont.) 

Sal  al 

Ga.uJLtheAA.OL  6  hallo  n 

Tanoak 

Ltthoc.oA.puA  denAl^loAo 

Thi mb! eberry 

RobcA  paAvtfiloALA 

Tobacco-brush 

CeanothuA  velutinuA 

Vine  maple 

A ceA  ctAcinatum 

Whi ppl ea 

Whlpplea  modeAta 

Wi 1 1 ow 

Sallx  spp. 

GRASSES  and  GRASSLIKE  PLANTS 

CypeAace.a.e 

GAAmtnae 

Juncaceae 

OTHERS 

Lichens 

UAnea  sp. 

Big  deervetch 

LotuA  CAOA-bl^oliuA 

Bracken 

RteAtdtum  aqutltmm 

Cats-ear 

HypochoeAAA  spp. 

Cl  over 

TAt^oltum  spp. 

Horsetai 1 

EquAAetum  sp. 

Iri  s 

Iaaa  tenox 

Mushrooms 

BoletuA  spp.,  etc. 

Phacel i a 

VhoceJLto  bolondeot 

PI antai n 

Rlantago  spp. 

Starfl  ower 

TAtentoltA  latt&olta 
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Sitka  black-tailed  deer  (0doco-Lt2m  h2.rrU.0nm,  ^Utk2mm)  occur  along  the  Pacific 
Coast  from  about  53°  to  58°  North  latitude.  Their  range  extends  farther  north  and 
west  than  any  other  subspecies  of  OdonoiZz m  l\2mionm .  The  northern  extension  of  this 
range  represents  one  extreme  in  environmental  conditions  that  the  species  can 
tolerate.  Sitka  black-tailed  deer  could  probably  not  exist  in  this  area  without  some 
ameliorating  habitat  factors  or  physiological  adaptations  to  the  harsh  environment.. 
Habitat  conditions  and  nutritional  interactions  of  black-tailed  deer  with  their  habi¬ 
tat  in  southeast  Alaska  will  be  discussed  in  this  paper. 

Vegetation  in  southeast  Alaska  is  notable  for  its  lack  of  diversity.  Two  vege¬ 
tation  types,  spruce-hemlock  forests  and  alpine  tundra,  comprise  nearly  the  entire 
range.  Other  minor  vegetation  types  of  some  importance  to  deer  are  muskegs,  slide 
patches  and  beach  edges.  Forage  provided  on  beach  edges  consists  mostly  of  Ccu 12X  and 
halophytes.  All  vegetation  types  are  used  by  black-tailed  deer  during  summer,  but 
alpine  tundra  is  extensively  used  during  snow-free  periods  and  provides  high  quality 
range  [Merriam,  1968].  During  winter  when  snow  prohibits  use  of  alpine  tundra, 
muskegs,  and  slide  areas,  spruce-hemlock  forests  comprise  the  primary  range  used  by 
deer.  Sno w  depth  in  low  elevation  climax  forest  is  usually  shallow  enough  to  allow 
deer  access  to  forage  because  dense  stands  of  tall  trees  intercept  a  large  portion  of 
the  sno w.  Deer  move  to  beach  edges  during  severe  winters  when  snow  accumulates  to 
depths  that  preclude  deer  occupancy  of  the  climax  forest.  Where  climax  forest  exists, 
winter  use  of  the  tidal  zone  is  minimized;  where  it  is  absent,  deer  concentrations  are 
maximized.  Seasonal  habitat  use  by  Sitka  black-tailed  deer  is  similar  to  that  by 
Rocky  Mountain  mule  deer  and  Columbian  blacktails  in  many  areas  in  that  snow  is  the 
most  important  factor  influencing  distribution.  Unlike  mule  deer,  Sitka  black-tailed 
deer  move  into  forests  as  snow  pushes  them  from  alpine  areas,  whereas  mule  deer  on 
some  ranges  move  from  the  forest  type  to  lower  elevation  shrub  ranges. 
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The  late  spring  and  summer  forage  supply  for  deer  in  southeast  Alaska  is  abundant 
and  of  high  nutritive  value.  The  alpine  tundra  range  has  good  species  diversity  and 
contains  large  quantities  of  species  highly  favored  by  black-tailed  deer  [Klein,  1965]. 
Species  preferred  by  black-tailed  deer  on  two  islands  in  southeast  Alaska  contained 
from  13  to  36  percent  crude  protein  and  less  than  30  percent  crude  fiber  from  May 
through  August  [Klein,  1965].  Analysis  of  washed  rumen  contents  from  deer  on  these 
islands  revealed  similar  values  [Kleinr  1962].  Alpine  tundra  plants  collected  on  the 
Canadian  Cordillera  in  Alberta  contained  from  12  to  27  percent  crude  protein  during 
early  stages  of  growth  [Johnston  and  others,  1968].  Although  no  digestibility  trials 
have  been  conducted  on  plants  collected  from  alpine  ranges  inhabited  by  Sitka 
black-tailed  deer,  trials  on  plants  collected  from  alpine  ranges  in  Wyoming  also  indi¬ 
cate  high  digestibility.  Grasses  averaged  64  percent,  forbs  and  sedges  60  percent, 
and  mat- forming  plants  44  percent  In  v-it/io  digestibility  during  the  summer  period  of 
maximum  standing  crop  [Smith,  1969]. 

The  nutritive  value  of  alpine  plants  declines  rapidly  after  the  seed-ripening 
stage  [Johnston  and  others,  1968].  However,  quality  of  deer  diets  probably  remains 
high  (13+  percent  crude  protein,  50+  percent  digestibility)  throughout  the  autumn. 

High  quality  diets  probably  continue  through  fall  because  deer  are  capable  of  select¬ 
ing,  plants  of  high  value  in  early  stages  of  growth.  Plant  phenology  varies  greatly  in 
different  locations  at  a  given  time  because  of  differences  in  slope,  aspect,  overstory 
cover,  and  snow  persistence;  deer  in  the  autumn  still  have  forage  of  high  quality 
available.  The  average  standing  crop  of  vegetation  on  alpine  tundra  ranges  in  south¬ 
east  Alaska  has  not  been  determined,  but  it  probably  exceeds  the  average  of  1000  to 
2000  kilograms  per  hectare  for  intermediate  sites  on  alpine  tundra  ranges  in  Wyoming 
[Thilenius,  1975]. 

The  quantity  and  quality  of  forage  during  winter  is  much  diminished  from  summer. 
The  spruce-hemlock  climax  forest  is  characterized  by  a  lack  of  soecies  diversity  and 
low  production  in  the  understory.  No  nutritional  studies  of  winter  forage  in  this 
vegetation  type  have  been  published,  but  in  Colorado  I  studied  nutritive  values  of 
mule  deer  diets  throughout  an  annual  cycle.  Crude  protein  content  peaked  at  about  20 
percent  during  June  and  decreased  to  less  than  5  percent  in  February  (fig.  1).  I n 
vltAo  digestibility  declined  to  about  40  percent  during  mid-winter  from  a  summer  high 
of  60  percent.  Similar  trends  in  forage  quality  probably  occur  in  southeast  Alaska, 
although  minimum  values  may  differ. 
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Black-tailed  deer,  like  white-tailed  and  mule  deer,  exhibit  annual  cycles  of 
metabolic  rate,  forage  intake,  body  growth,  and  fat  accumulation  and  depletion. 

Energy  expenditure,  inferred  from  measurements  of  fasting  heat  production  (FHP),  is 
highest  during  the  summer  when  deer  are  in  a  productive  state  and  lowest  during  mid¬ 
winter  when  they  are  in  a  maintenance  state.  Fasting  metabolic  rate  of  white-tailed 
deer  averaged  143  kcal /kgW^ • ^/dayl/  for  summer  and  96  kcal / kgW^ • 75/day  in  winter 
[Silver  and  others,  1969].  Seasonal  fluctuations  in  metabolic  rate  were  further 
demonstrated  by  Thompson  and  others  [1973]  (fig.  2).  Work  by  Nordan  and  others  [1970] 


]_/  kcal/kgWO-75  =  kilocalories  per  kilogram  of  body  weight  raised  to  the  0.75 
power. 


61 


PERCENT 


PERCENT 


PERCENT 


VIoujlz  /--Annual  cycle  of  cell  wall  constituents,  crude  protein  content  and  In  v+Jyio 
dry  matter  digestibility  of  mule  deer  diets  in  Colorado 
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F Tgu/ie  ^--Annual  cycle  of  fasting  heat  production  in  white-tailed  deer.  From  Thompson 

and  others  [1973] 
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indicated  that  black-tailed  deer  have  metabolic  rates  similar  to  white-tailed  deer. 
Using  Silver's  values  of  fasting  heat  production  (FHP),  daily  energy  requirements 
( DER)  can  be  approximated  by  multiplying  the  FHP  by  the  animal's  metabolic  weight 
(W°-'5).  For  a  35-kilogram  deer,  the  DER  during  summer  would  be  2057  kilocalories. 
Assuming  the  deer  adds  10  kilograms  of  weight  during  the  summer  and  fall,  a  45  kilo¬ 
gram  deer  would  require  1667  kilocalories  per  day  during  winter.  The  energy  require¬ 
ments  of  free-ranging  deer  may  be  higher  than  those  calculated  above  because  of  the 
energy  costs  for  activity.  Moen  [1973]  estimated  activity  metabolic  rates  (AMR)  to 
range  from  1.23  to  1.98  times  the  interspecific  mean  basal  metabolic  rate  of  70  kcal/ 
k g W 0 .75/ day .  The  values  of  143  and  96  kcal /kgWO- 75/day  used  in  my  calculations  are 
within  the  AMR  range  estimated  by  Moen  [1973]. 

Forage  intake  is  also  highest  in  summer.  This  was  demonstrated  with  pen-fed 
Sitka  blacktails  by  Bandy  and  others  [1970]  whose  graphs  indicated  a  late-summer  high 
intake  rate  by  bucks  averaging  about  25  grams/ki 1 ograms/day  compared  with  a  mid-winter 
low  rate  averaging  about  17  grams/ki 1 ograms/day .  For  mule  deer  in  the  wild  in 
Colorado,  Alldredge  and  others  [1970]  estimated  intake  rates  of  adults  to  average 
about  21  and  17  grams/ki 1 ograms/day  in  summer  and  winter,  respectively,  while  that  of 
all  age  and  sex  classes  combined  averaged  about  26  and  20  grams/ki lograms/day  in 
summer  and  winter. 

Approximations  of  energy  intake  can  be  derived  from  such  estimates.  Gross  energy 
content  of  most  range  forage  plants  is  close  to  4.5  kilocalories/gram;  digestible 
energy  (DE)  is  proportional  to  total  dry  matter  digestibility  [Robbins  and  others, 
1975];  and,  metabolizable  energy  (ME)  is  constantly  about  85  percent  of  DE  [Brody, 
1945].  In  vajUio  dry  matter  digestibility  (IVDDM)  is  an  adequate  approximation  of  true 
digestibility  for  the  present  purposes.  Estimates  of  ME  intake  can  be  calculated  by: 
animal  weight  x  intake  x  4.5  x  IVDDM  x  .85. 

Assuming  70  percent  digestibility  for  summer  forage  and  an  intake  rate  of  25 
grams/ki 1 ograms/day ,  daily  ME  intake  of  a  35-kilogram  (77-pound)  deer  would  be  2343 
kilocalories--268  kilocalories  more  than  DER  as  calculated  above.  In  winter,  assuming 
average  forage  digestibility  of  40  percent  and  intake  of  17  grams/ki lograms/day ,  the 
ME  intake  of  a  45-kilogram  (99-pound)  deer  would  be  1170  kilocalories/day--497  kilo¬ 
calories  less  than  DER.  The  summer  surplus  of  energy  is  used  for  growth  and  fat 
accumulation.  Deer  are  capable  of  accumulating  fat  stores  up  to  15  percent  of  their 
total  body  weight  [Anderson  and  others,  1972;  Robbins  and  others,  1974a].  A  45-kilo¬ 
gram  deer  could  easily  enter  winter  with  a  reserve  of  6  kiloqrams  of  fat.  Body  fat 
yields  about  6.5  ki  localories/gram  when  catabolized  [Wall  mo  and  others,  1977].  A  6- 
kilogram  fat  reserve  will  allow  deer  to  survive  an  energy  deficit  of  500  calories  a 
day  for  about  80  days. 

Deer  in  Alaska  likely  undergo  periods  of  energy  surplus  and  deficit  similar  to 
those  presented  in  the  hypothetical  example.  Obviously,  the  processes  are  much  more 
complex  than  I  have  outlined.  Changes  from  an  energy  surplus  to  a  deficit  do  not 
normally  occur  rapidly,  but  follow  the  gradual  decline  associated  with  forage  quality. 
However,  winter  survival  of  deer  in  southeast  Alaska  depends  to  a  great  extent  on 
their  ability  to  accumulate  fat  during  the  summer  and  on  the  length  and  severity  of 
the  following  winter.  Winters  which  last  late  into  the  normal  spring  period  could 
cause  extensive  population  losses  due  to  starvation. 

The  phenomenon  of  voluntary  reduction  of  forage  intake  by  deer  during  winter  when 
they  are  in  a  state  of  negative  energy  balance  has  been  observed  by  numerous 
researchers.  Such  reductions  of  intake  occurred  in  both  sexes  of  black-tailed  deer 
[ilordan  arid  others,  1970;  Wood  and  others,  1962].  Males  drastically  reduce  their  in¬ 
take  with  the  onset  of  rut  and  maintain  a  reduced  level  throughout  the  winter,  whereas 
females  decrease  their  intake  more  gradually  throughout  the  winter.  As  forage  quality 
decreases  the  levels  of  intake  and  metabolic  rate  decline.  Deer  are  forced  to 
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restrict  their  intake  of  forage  as  its  quality  declines  due  to  a  slower  rate  of 
passage  of  high  fiber  material  through  the  digestive  tract  and  associated  rumen  fill 
[Campling  and  others,  1961;  Ammann  and  others,  1973].  The  rate  of  passage  of  ingesta 
out  of  the  rumen  is  controlled  by  the  rate  of  digestion  [Campling,  1970]  which  is 
strongly  influenced  by  the  amount  of  nitrogen  in  the  rumen  [Hume  and  others,  1970]. 

The  nitrogen  level  in  the  rumen  depends  on  the  crude  protein  content  of  ingested 
forage  and  the  deer's  ability  to  recycle  nitrogen.  The  fact  that  black-tailed  deer 
restrict  their  intake  even  when  they  have  unlimited  access  to  high  quality  feed 
[Nordan  and  others,  1970]  indicates  that  deer  have  adapted,  through  evolution,  to 
periods  of  low  forage  quality. 

Crude  protein  content  of  forage  is  widely  used  as  an  indicator  of  forage  quality. 
However,  the  protein  or  nitrogen  requirements  of  deer  are  poorly  understood  because 
they  are  confounded  with  nitrogen  recycling,  catabolism  of  muscle  tissue,  energy  in¬ 
take  and  other  factors.  A  diet  containing  16-17  percent  crude  protein  meets  maximum 
requirements  for  growing  fawns  and  lactating  does  [French  and  others,  1956;  U1 1 rey  and 
others  1967;  Verme  and  llllrey,  1972].  Smith  and  others  [1975],  who  conducted  experi¬ 
ments  which  quantified  the  maximum  nitrogen  requirements  of  white-tailed  deer  fawns, 
held  energy  intake  constant,  and  varied  the  protein  content  of  a  ration  fed  to  weaned 
fawns.  The  requirement  for  maximum  growth  was  3.05  grams  digestible  nitrogen  per 
kgWO-75  per  day ,  roughly  the  equivalent  of  25  percent  crude  protein  at  their  level  of 
intake.  However,  the  most  efficient  use  of  nitrogen  occurred  on  feed  with  11  percent 
crude  protein. 

A  crude  protein  level  of  7  percent  is  often  quoted  as  the  minimum  necessary  for 
maintenance.  This  figure  originated  from  work  conducted  by  French  and  others  [1956] 
and  Murphy  and  Coates  [1966].  However,  deer  do  survive  when  crude  protein  levels  of 
forage  are  less  than  7  percent.  The  7  percent  level  is  probably  required  to  maintain 
positive  nitrogen  balance  [Robbins  and  others,  1974b].  When  the  crude  protein  content 
of  forage  is  below  this  level,  deer  catabolize  muscle  tissue.  The  degree  to  which 
deer  can  use  muscle  tissue  as  a  nitrogen  source  without  damage  is  not  known.  Deer 
forage  in  southeast  Alaska  appears  to  exceed  summer  requirements  for  crude  protein, 
but  winter  levels  may  be  below  minimum  requi rements . 


ofi  Logging  on  Pee/i  HabiXcut 


To  evaluate  the  effects  of  logging  the  climax  spruce-hemlock  forests  on 
black-tailed  deer  habitat,  it  is  necessary  to  understand  snow  depth  patterns  and 
forest  succession  following  logging.  At  lower  latitudes  in  drier  forest  types,  log¬ 
ging  can  improve  deer  habitat  [Resler,  1972;  Pengelly,  1972].  Understory  production, 
species  diversity,  and  overall  forage  quality  have  been  substantially  increased  when 
the  overstory  was  removed  [Brown,  1961;  Lawrence,  1969;  Wallmo  and  others,  1972; 
Regelin  and  others,  1974].  However,  these  studies  were  conducted  in  areas  where  the 
forest  habitat  was  used  primarily  by  deer  during  the  summer.  Snow  depth  in  clearcut 
areas  is  much  greater  than  in  adjacent  uncut  areas  due  to  interception  of  snow  by 
trees.  Merriam  [1971]  found  snow  was  about  twice  as  deep  in  openings  as  in  mature 
timber  in  southeast  Alaska.  On  northern  Vancouver  Island,  Jones  [1974]  reported  snow 
depths  of  15  centimeters  in  the  forest  whereas  clearings  contained  up  to  75  centi¬ 
meters  of  snow.  On  central  Vancouver  Island  snow  depth  at  about  700  meters  elevation 
in  a  23-year-old  regrowth  forest  was  about  twice  that  in  adjacent  stands  over  250 
years  old  [Weger,  1977],  Mule  deer  in  Colorado  did  not  occupy  areas  where  snow  depth 
exceeded  about  50  centimeters  [Gilbert  and  others,  1970].  This  limit  may  be  somewhat 
less  for  black-tailed  deer  because  of  their  smaller  size,  and  much  less  in  southeast 
Alaska  because  of  the  extreme  density  of  the  snow. 
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The  successional  pattern  following  clearcut  logging  in  southeast  Alaska  was 
examined  by  Robuck  [1975].  He  reported  that  20  years  after  logging  the  overstory  had 
shaded  out  understory  species.  For  the  next  180  years  the  forest  floor  supported  very 
little  herbaceous  vegetation  or  vascular  shrubs.  About  200  years  after  logging,  the 
understory  again  developed  as  the  overstory  opened  and  allowed  more  sunlight  to  reach 
the  forest  floor.  These  observations  indicate  that  logging  would  increase  deer  forage 
supplies  for  about  20  years,  if  snow  depth  is  not  considered.  Subsequently,  logged 
areas  are  of  negligible  value  to  deer  for  nearly  200  years.  Merriam  [1971]  reported 
similar  findings  during  early  successional  stages  but  believed  that  forage  was  avail¬ 
able  in  the  forest  about  60  years  after  logging.  A  study  on  Vancouver  Island  [Weger, 
1977]  also  indicated  that  habitat  quality  was  diminished  for  at  least  75  years.  More 
research  must  be  conducted  on  forest  succession  following  logging  in  southeast  Alaska 
before  definite  conclusions  can  be  drawn  on  the  effect  of  logging  on  deer. 


The  preceding  information  suggests  that  logging  in  southeast  Alaska  may  have  an 
overall  detrimental  effect  on  black-tailed  deer.  In  fact,  the  one  ameliorating  factor 
which  allows  deer  to  survive  iji  Alaska  may  be  the  existence  of  the  climax  spruce- 
hemlock  forest.  These  over-mature,  mixed-age  forests  have  a  greater  biomass  of  ever¬ 
green  forbs  and  palatable  shrubs  than  even-aged,  submature  forests.  The  floor  in  the 
climax  forest  remains  free  of  snow,  or  has  shallow  snow  depths  for  most  of  the  year, 
thus  minimizing  the  energy-deficit  period  for  deer.  Managers  must  consider 
multiple-use  forest  management  practices  that  allow  for  the  importance  of  the  climax 
forest  to  Sitka  black-tailed  deer  and  preserve  adequate  amounts  of  this  forest  type. 
Deer  would  not  be  eliminated  by  logging  in  southeast  Alaska.  Many  areas  a^e  imprac¬ 
tical  to  log,  and  forest  management  policy  currently  provides  for  the  preservation  of 
some  old-growth  forest  specifically  for  deer.  But  it  appears  that  every  acre  of 
old-growth  forest  that  is  removed  by  any  cause  (wind,  fire  or  logging)  represents  a 
decrease  in  the  potential  of  that  area  to  support  deer. 
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Introduction 


The  geographic  distribution  of  OdocaticuA  kcmlonuA  roughly  covers  the  western 
third  of  North  America.  The  3  largest  races,  the  Rocky  Mountain  mule  deer,  Columbian 
black-tailed  deer,  and  desert  mule  deer,  have  large  geographic  ranges  which  include 
great  habitat  diversity  (fig.  1).  The  remaining  6  races  have  relatively  small  geo¬ 
graphic  ranges,  especially  at  the  extreme  southwest  and  northwest  limits  of  their 
distribution. 

The  Sitka  black-tailed  deer  [OdocotlcuA  kmionuA  AttkcnAiA)  occupies  a  very 
narrow  range,  between  the  ice-capped  Coast  Range  and  the  sea,  at  the  northwest  extent 
of  the  species'  natural  distribution.  Its  habitat  is  dominated  by  2  major  vegetation 
types--temperate  rain  forest  and  alpine  tundra.  Heavy  snow  accumulation  during 
winter  is  characteri stic  of  this  region.  The  alpine  zone  is  highly  productive  of  deer 
forage  but  is  snow  free  for  only  3  to  5  months  of  the  year.  For  7  to  9  months,  deer 
are  confined  to  the  lower  forest  zone.  In  most  winters,  deep  snow  extends  well  down 
into  the  forest  zone,  often  to  sea  level.  Least  snow  depths  occur  in  old, 
high-canopied  forests,  while  in  openings  snow  accumulation  is  much  greater  [Jones, 
1975;  Merriam,  1968,  1971;  Weger,  1977].  Of  the  forest  habitat  that  is  usable  in 
winter,  uneven-aged  old-growth  stands  provide  the  most  available  forage  for  deer 
(discussed  later). 
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The  Alaska  Department  of  Fish  and  Game  and  the  U.S.  Forest  Service  have  mandates 
to  maintain  and  enhance  the  populations  and  habitats  of  deer  in  southeast  Alaska. 
Timber  harvesting  is  the  man-related  factor  influencing  the  largest  amount  of  deer 
habitat  in  this  region.  The  Forest  Service  has  estimated  that  the  volume  of  wood 
fiber  produced  per  acre  from  second-growth  forest  stands  will  increase  approximately 
70  percent  over  the  volume  produced  from  old-growth  stands  [USDA  Forest  Service, 

1977].  Thus,  harvesting  of  old-growth  stands  will  provide  more  land  for  regeneration 
and  will  increase  long-term  yields.  The  planned  rotational  cycle  for  timber  harvest 
in  southeast  Alaska  is  approximately  100  years  [USDA  Forest  Service,  1969].  Clear- 
cutting  appears  to  be  the  most  economical  method  of  harvesting  this  resource. 

In  1977,  the  Alaska  Department  of  Fish  and  Game  and  the  Forestry  Sciences  Labor¬ 
atory  of  the  Pacific  Northwest  Forest  and  Range  Experiment  Station  initiated  a  cooper¬ 
ative  research  program  with  the  general  objective  of  obtaining  information  on  deer 
management-timber  management  relationships.  This  paper  reviews  some  of  our  prelimin¬ 
ary  findings  and  their  implications. 


V^mcXion 


The  research  program  we  have  formulated  begins  with  studies  of  use  of  natural 
habitat  by  deer  uninfluenced  by  other  land  use  activities,  and  builds  from  there  to 
studies  of  specific  land-use  practices  to  determine  their  potential  for  improving  or 
impairing  deer  habitat.  These  proposed  studies  include: 

1.  Seasonal  and  daily  use  of  natural  habitats. 

a.  Distribution  patterns. 

b.  Movements  and  activity  patterns. 

c.  Elevations,  slopes,  aspects,  vegetation  types,  plant  species 
and  snow  conditions  associated  with  distribution. 

2.  Food  habits  and  annual  nutritional  regimes. 

a.  Forage  species  used. 

b.  Nutritional  quality  of  forage  species. 

c.  Nutritional  status  of  deer. 

3.  Forage  production  in  old-growth  forests  and  even-aged  regrowth 
during  the  post-logging  sere. 

a.  Changes  in  understory  composition  and  biomass  during  the 
post-logging  sere  (Forest  Service  contract  with  Oregon 
State  University). 

b.  Composition  and  density  of  understory  vegetation  as  related 
to  density  of  even-aged  regrowth  forest  (conducted  under  a 
silviculture  research  program  directed  by  W.  Farr). 

4.  Relative  use  by  deer  of  old  growth  and  even-aged  regrowth  of 
various  ages. 

5.  Relative  snow  depths  in,  and  winter  deer  use  of,  old  growth  and 
even-aged  regrowth  of  various  ages  and  stand  densities. 
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Figure  1.  Geographic  distribution  of  the  races  of  Odocoileus  hemionus. 

Races  are  1 -hemi onus ,  2  crooki ,  3  col umbi onus,  4  cal i forni cus  , 
5  fuliginatus,  6  siieldoni ,  7  cerrosensis,  8  peninsulae,  and 
9  sitkensis. 


7] 


Because  present  forest  use  and  management  practices  indicated  an  urgent  need  for 
an  understanding  of  logging-related  and  sil vicul ture-related  influences  on  deer,  we 
have  placed  initial  emphasis  on  items  3  and  4. 


VH.oJtiMin.aAy  RzMittA 


R&Zcutivd  oic  by  deeA  ofi  old-gnowtk  and  HzgHowik  fiosvzAtA-- It  may  be  assumed  that, 
where  the  choice  is  available,  the  amount  of  use  deer  make  of  one  habitat  relative  to 
another  will  suggest  the  relative  quality  or  value  to  deer  of  the  two  habitats.  This 
study  was  conducted  to  determine  if  differential  use  occurs;  later  studies  will  be 
concerned  with  identifying  and  quantifying  the  causes. 

We  selected  study  areas  on  Admiralty  and  Chichagof  Islands  (fig.  2)  which  had 
sufficiently  high  deer  densities  to  provide  adequate  measurements  of  relative  use  and 
which  offered  a  range  of  stand  ages.  At  each  area,  a  stand  of  even-aged  regrowth 
forest,  or  recent  clearcut,  was  compared  with  an  adjacent  or  nearby  uneven-aged 
over-mature,  or  old-growth,  forest  on  a  similar  site.  Relative  pellet-group  densities 
were  used  as  the  indicator  of  relative  deer  use.  Our  study  plan  called  for  sampling 
in  fall  and  spring  for  estimates  of  summer  and  winter  use,  respectively.  [See  Fisch, 
1978  and  Bunnell,  1978  in  these  proceedings.]  This  paper  reports  on  results  of  the 
first  fall  sample,  September-October  1977. 

The  sample  in  each  stand  consisted  of  parallel  lines  of  contiguous  1-  x  10-meter 
plots  with  the  lines  arbitrarily  spaced  to  cover  the  stand.  In  the  fall  operation, 
sample  size  varied  from  113  to  310  plots  per  stand  because  of  inexperience  with  logis¬ 
tical  problems.  (Future  samples  will  consist  of  300  plots  in  each  stand.) 

Abbreviated  results  of  the  fall  1977  sampling  are  presented  in  table  1  and  fig. 

3.  They  indicate  that  the  regrowth  stands  as  a  whole  received  an  average  of  1/5  as 
much  use  as  did  the  old  growth  as  a  whole. 

On  the  basis  of  this  first  sample,  we  can  construct  a  tentative  model  of  summer 
use  of  regrowth  stands  during  the  post-logging  sere  (fig.  4).  Note  than  an  increase 
in  use  over  that  of  the  old-growth  forest  was  not  measured  in  our  youngest  stands 
(4,  6-10,  and  7-11  years).  Instead,  use  was  about  1/3,  1/2,  and  1/7  that  of  the 
nearby  old  growth.  Our  observations  suggest  that  within  about  15  years,  shrubs  and 
trees,  plus  residual  slash,  generally  become  too  dense  for  normal  use  by  deer.  It  is 
not  until  30  or  40  years  that  these  stands  begin  to  open  up  and  allow  unobstructed 
movement  through  them. 

If  there  is  an  increase  in  deer  use  in  the  early  years  after  clearcutting,  we 
have  not  yet  measured  it.  In  Colorado,  Wallmo  and  others  [1972]  reported  a  decrease 
in  deer  use  for  2  years  after  logging,  but  an  increase  10  years  later.  Here,  in  south¬ 
east  Alaska,  we  measured  a  significant  decrease  in  deer  use  as  early  as  4  years  after 
logging  and  continuing  to  147  years.  Thus,  the  assumed  early  serai  benefits  to  deer, 
if  they  exist,  need  to  be  identified,  bracketed  in  time,  and  quantified.  On  southern 
Vancouver  Island,  Weger  [1977]  measured  deer  use  in  mature  (250+  years)  and  immature 
(13-75  years)  stands.  He  found  that  the  mature  stands  received  significantly  higher 
use  than  the  immature  stands.  On  northern  Vancouver  Island,  Jones  [1974]  observed 
that  deer  use  of  mature  timber  habitats  was  generally  higher  than  use  of  logged 
habitats . 

FcAage  pnoduation  in  old-gnoivih  and  tvigHowth  z>-tawcCs--Vegetati on  measure¬ 

ments,  a  secondary  aspect  of  our  fall  field  work,  were  discontinued  because  they  were 
too  costly  of  time  and  would  have  prohibited  completion  of  our  pellet-group  sampling 
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Figure  2.  Location  of  deer  use  study  sites,  Fall  1977. 
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Figure  3.  Comparative  deer  use  of  old-growth  and  regrowth  stands  o 
Admiralty  and  east  Chichagof  Islands,  Fall  1977.  Number 
of  sample  areas  in  each  age  category  indicated  at  top.''' 
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Figure  4.  Relative  effect  of  forest  succession  on  summer  deer  use 
levels  following  clearcutting ;  points  represent  actual 
measurements  of  deer  use  relative  to  average  use  of  old 
growth . 


Table  1.  Relative  pellet-group  density  in  old-growth  and  regrowth  stands  on  Admiralty 
and  Chicagof  Islands,  Fall  1977 


Age  of  regrowth 
(years) 

Number 

Regrowth 

of  plots!/ 

Old  growth 

Ratio 

Old  growth : Regrowth 

Si  gni  ficance— / 

4 

309 

310 

3:1 

** 

6-10 

240 

245—/ 

2:1 

N.S. 

7-11 

275 

290 

7:1 

** 

20 

200 

163 

5:1 

** 

25 

233 

113 

2:1 

** 

30-34 

238 

240 

4:1 

** 

57 

265 

269 

22:1 

59 

300 

300 

29:1 

** 

60 

240 

245—/ 

8:1 

** 

63 

238 

300 

4:1 

** 

72 

300 

304 

16:1 

** 

85 

195 

194 

9:1 

** 

112 

200 

200 

2:1 

* 

147 

200 

200 

7:1 

** 

I  3433 

X  3128 

5:1 

** 

1/  Plot  size  =  1  x 
2/  **  =  P< . 01 ,  *  = 
3/  Same  old  growth 

10  meters 
P<. 05 ,  N.S 
compari son 

LO 

O 

A 

Q_ 

II 
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(our  first  priority).  The  data  collected  (table  2)  indicate  that  even-aged  regrowth 
stands  from  30  to  63  years  old  have  less  understory  vegetation,  consisting  mainly  of 
herbaceous  species  that  die  back  in  the  fall  and,  when  present,  small  i/ac<U/u.um  plants. 
Uneven-aged  old-growth  forests  have  a  substantially  greater  understory,  larger  and  more 
robust  l/acciyUum ,  and  abundant  evergreen  herbaceous  species  (for  example,  CotmuA , 

T i.<ui<zZJLcL ,  Coptic ,  and  RubuA  pe.dctfuA). 

Oregon  State  University,  under  contract  with  the  Pacific  Northwest  Forest  and 
Range  Experiment  Station,  is  currently  investigating  the  productivity  of  the  under¬ 
story  community  in  old-growth  and  regrowth  forest  stands  throughout  the  Tongass 
National  Forest.  Preliminary  data  indicate  an  early  increase  in  the  biomass  of  her¬ 
baceous  vegetation  and  shrubs  after  logging  following  by  a  rapid  decrease  to  levels 
below  those  in  the  old-growth  forest.  Since  these  data  are  still  being  collected  and 
analyzed,  we  are  unable  to  report  further  at  this  time. 

Harris  [1974]  reported  the  impoverished  nature  of  the  understory  under  even-aged 
regrowth  stands  throughout  southeast  Alaska.  Robuck  [1975]  has  estimated  that  once 
the  understory  is  shaded  out,  the  forest  floor  remains  relatively  free  of  shrubs, 
herbs,  and  ferns  until  about  stand  age  200  years.  This  is  about  twice  as  long  as  the 
current  rotation  cycle  for  this  region. 


Table  2.  Summary  of  vegetation  sampling  in  old-growth  and  regrowth  forest  stands  on 
Admiralty  Island,  Fall  1977 


Stand  age 
(years) 

Number  of 

PI otsl/ 

PI ants/pl ot 

Plots  with 
vegetati on 

% 

Mean 

Shrubs 

pi ants/pl ot 

Forbs  Ferns 

30-34 

238 

7.67 

71 

0.87 

3.51 

2.63 

Old  growth 

238 

26.16 

96 

1.13 

12.00 

11.84 

57 

267 

1.48 

25 

0.29 

0.52 

0.60 

Old  growth 

140 

38.14 

86 

3.13 

32.34 

1  .65 

59 

300 

1  .46 

19 

0.33 

0.34 

0.79 

Old  growth 

97 

22.37 

93 

2.53 

17.87 

1  .84 

63 

238 

4.53 

61 

2.15 

0.97 

0.81 

Old  growth 

300 

12.58 

74 

3.54 

6.66 

1  .67 

Regrowth 

1043 

3.58 

42 

0.86 

1.25 

1.17 

Old  growth 

775 

22.59 

84 

2.60 

4.78 

4.78 

]/  Plots  =0.5  square  meters 
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Snow  depth  and  wi.nt.2A.  daa/i  aia  in  old-gaowth  and  aagaowth  tfoA.a&t&  —  In  December 
1977,  snow  measurements  were  made  in  a  highgraded  (selectively  cut)  uneven-aged  forest 
and  in  an  adjacent  8-year-old  clearcut  near  Juneau.  Both  sites  had  southwesterly 
aspects  and  10-20-percent  slopes.  One  hundred  snow  measurement  points  in  each  site 
yielded  a  range  of  48-110  centimeters  (mean  =  63  centimeters)  depth  in  the  clearcut 
with  all  points  snow  covered  and  a  range  of  0-58  centimeters  (mean  =  14  centimeters) 
in  the  forest  with  29  percent  of  the  points  having  no  snow  or  only  a  trace  of  snow. 
Numerous  deer  tracks  were  observed  in  the  forest  and  none  in  the  clearcut. 

On  February  2,  1978,  this  same  clearcut  had  a  mean  snow  depth  of  26  centimeters 
with  17  percent  of  the  points  (number  =  100)  bare.  The  forest  had  a  mean  snow  depth  of 
0.9  centimeters  with  82  percent  of  the  sample  points  bare.  Eighty-four  percent  of  the 
forest  plots  (number  =  25)  had  understory  plants  with  green  leaves;  72  percent  had 
l /aacinium  plants.  Current  deer  sign  was  encountered  in  the  forest  but  not  in  the 
clearcut.  The  continuation  of  this  study  in  the  same  area  and  2  other  areas  was 
aborted  because  of  an  extensive  rainy  period. 

Jones  [1975],  Merriam  [1971],  and  Weger  [1977]  reported  that  from  2  to  3  times 
more  snow  accumulates  in  openings  than  under  old-growth  forests.  On  south-central 
Vancouver  Island,  Weger  [1977]  measured  average  snow  depths  of  33  and  54  centimeters 
(at  640-  and  740-meter  elevation)  in  23-year-old  regrowth  compared  with  12  and  34 
centimeters  in  adjacent  mature  (250-year)  timber.  Moreover,  depths  were  much  more 
variable  in  the  timber  than  in  the  clearcuts. 

We  have  inadequate  knowledge  of  the  effect  of  age,  canopy  height,  and  density  of 
regrowth  stands  on  snow  accumulations.  The  information  available,  however,  suggests 
that  to  better  reflect  deer  winter  use  of  the  post-logging  sere,  the  model  of  summer 
use  (fig.  4)  can  be  modified  to  something  of  the  approximate  nature  of  fig.  5.  Thus 
the  usefulness  to  deer  of  productive  early  successional  clearcuts  appears  to  be  nil, 
or  of  limited  value,  during  the  critical  winter  periods  of  high  snow  accumulation. 

Food  habits  and  nutrition- -We  have  made  little  progress  on  the  food  habits  study. 
An  evaluation  of  microscopic  fecal  analysis  by  Katherine  Hazard,  Forestry  Sciences 
Laboratory,  suggests  that  it  is  not  a  highly  reliable  technique.  This  is  supported  by 
results  of  a  concurrent  evaluation  by  the  Colorado  Division  of  Wildlife.  Whatever 
methods  are  used,  adequate  food  habits  research  will  require  a  major  investment  of 
time  and  funds;  so  it  must  be  deferred  for  now. 

From  Hazard's  work,  earlier  Alaska  Department  of  Fish  and  Game  studies,  and  other 
sources,  however,  we  have  some  knowledge  of  winter  forage  species  used  by  deer. 

Samples  of  11  species  were  collected  in  January  1978  and  analyzed  for  several  nutri¬ 
tional  parameters  by  the  University  of  Alaska  Agricultural  Exoeriment  Station  (table 
3). 


Crude  protein  content  of  three  deciduous  shrubs,  Manziaia  tfaAAuginaa,  Vaccinium 
spp.,  and  Rubai  ipaatabilti ,  was  8.7,  9.1,  and  11.2  percent,  respecti vely .  They  all 
had  wel 1 -devel oped  leaf  buds  and,  no  doubt,  higher  protein  levels  than  could  be 
expected  in  early  winter. 

Crude  protein  content  of  the  green-leaved  forbs  and  subshrubs  ranged  from  10.1  to 
19.6  percent,  in  the  order  Coptic,  Cotnai ,  Rubai  padatui ,  TiaAcLta,  Ryaola,  from 
lowest  to  highest. 

Cell-wall  content  (inversely,  an  indicator  of  digestibility)  of  the  three  decidu¬ 
ous  shrubs  was  Rubui  ipacjtabiJLLi  64.0  percent,  [/aacinium  62.1  percent,  and  Manziuia 
61.5  percent.  Cell-wall  content  of  the  green-leaved  forbs  and  subshrubs  ranged  from 
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Figure  5.  Hypthetical  effect  of  forest  succession  on  winter  deer 
use  levels  following  clearcutting. 


Table  3.  Composition  of  11  winter  forage  species  in  terms  of  certain  nutrition- 
related  parameters 


Crude  Cell-wall  Aci d-deteroent  Lignin  Residual 
Protein  (NDF)  fiber  (ADF)  (ADL)  ash 


percent 


Pij'Wla  A&cunda 

19.6 

21.7 

18.7 

16.0 

2.8 

TIculqIZcl  tAlfioLiata 

12.5 

23.7 

21  .3 

12.2 

1.5 

Rubai  pzdatuA 

12.1 

32.7 

21.7 

17.5 

1  .8 

Camas  c.anade.nAdA 

10.4 

33.2 

26.4 

29.5 

1  .6 

CoptdA  ^plimfiotia 

10.1 

38.9 

30.7 

15.3 

1  .6 

Rubai  4  pe.c£ablLLA 

11.2 

64.0 

47.2 

39.6 

1  .6 

TAuga  hojteAo plujZJLa 

9.4 

45.2 

39.7 

37.3 

1.3 

[/acdwLLm  spp. 

9.1 

62.1 

49.0 

35.5 

2.9 

Menzxeifa  fie.AAugd.ma 

8.7 

61  .5 

46.1 

41  .2 

2.6 

UAma  sp. 

3.5 

16.0 

4.2 

31  .0 

1  .0 

Li verwort 

11.8 

50.8 

27.4 

10.9 

7.5 

21.7  to  38.9  percent,  in  the  order  Pyaola,  Tda/ielZa,  Rubai ,  CosmuA  ,  Coptic,  exactly 
inverse  to  protein  content.  That  is,  plants  with  the  largest  amount  of  highly  digest¬ 
ible  cell  content  have  the  lowest  amount  of  poorly  digestible  fiber,  or  cell-wall 

material . 

Furthermore,  lignin,  the  most  indigestible  fraction  of  fiber,  was  highest  in  the 
deciduous  shrubs  (Menzue^-ta  19.0,  Rubai  ApzatabiXdA  18.6,  and  (/accxocum  17.4  percent), 
and  relatively  low  in  the  green-leaved  plants  {CoAnuA  7.8,  Coptic  4.7,  Rubai  3.8, 
Pyscola  3.0,  and  TlcOiMa  2.6  percent).  Of  all  plants  sampled,  the  arboreal  lichen, 
ilAnea,  had  the  lowest  lignin  content  (1.3  percent). 

We  were  unable  to  obtain  estimates  of  digestibility  in  time  for  this  report,  but 
a  rough  estimate  can  be  obtained  from  the  relationship  of  lignin  content  to  fiber  con¬ 
tent  as  obtained  by  the  acid-detergent  method.  A  general  predictive  equation  was  cal¬ 
culated  from  the  relationship  of  the  average  digestibility  of  general  classes  of 
forage  to  the  product  ADF  x  ADL  for  these  classes  (fig.  6). 

This  procedure  suggests  that  the  digestibility  of  the  deciduous  shrubs  is  low,  of 
hemlock  somewhat  higher,  and  of  the  green-leaved  plants  very  high.  UAma  has  the 
highest  hypothesized  digestibility  but  extremely  low  protein  content.  [See  Bunnell  in 
this  volume  for  further  information  on  this  subject.] 
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E  ST  I!  MATE  D  RELATIVE  DIGESTIBILITY 


-  •  Usnea 


'•  Tiarell  a 

•  Pyrola 
•  Rubus  pedatus 


•  Coptis 


•  Corn  us 


•  Tsuga 

®  Vaccmium 

Rubus  spectabilis 
•  Menzesia 


.05  .10  .15  .20  .25 

A  D  F  X  ADL 

Figure  6.  Hypothesized  digestibility  of  several  winter  forage  species 
based  on  cell-wall  contents.  ADF=acid  detergent  fiber. 
ADL=acid  detergent  lignin. 
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These  results  indicate  the  importance  of  green  forage  to  wintering  deer.  Our 
sampling  of  understory  vegetation  indicates  that  such  forage  is  most  abundant  in  the 
old-growth  forest.  Our  snow  measurements  indicate  that  it  is  also  most  available  dur¬ 
ing  winter  in  old  growth.  Even  in  winters  where  snow  depths  become  excessive  for  deer 
everywhere,  it  takes  longer  to  reach  such  depths  in  old  growth  and,  therefore,  the 
period  of  starvation  conditions  is  less  prolonged. 

SeaAonaZ  and  daJJLij  o6e  o &  natuAnt  kabitaXA — We  propose  to  approach  this  phase  of 
the  investigation  through  radio- telemetry.  By  monitoring  individual  animals  through 
daily  and  seasonal  periods,  we  will  be  able  to  elucidate  their  home  range  character¬ 
istics  and  activity  patterns  as  well  as  determine  seasonal  preferences  for  specific 
landscape  attributed  (for  example,  elevations,  slopes,  aspects  and  vegetation  types). 


ImpLicajtLonA  o  PtieJLimlnaJiy  ReMilti 


Preliminary  data  collected  thus  far  indicate  the  following: 

1.  For  the  areas  we  have  measured,  deer  use  of  regrowth  stands  (ranging 
from  4  to  147  years)  averaged  about  1/6  that  of  the  nearby  or  adja¬ 
cent  old-growth  forest. 

2.  We  have  yet  to  observe  an  area  or  age  class  (including  early  suc- 
cessional  clearcuts)  where  deer  use  actually  increased  following 
logging. 

3.  Regrowth  stands  from  30  to  63  years  old  produce  substantially  less 
understory  vegetation  (deer  forage)  than  does  the  adjacent 
old-growth  forest. 

4.  The  only  snow  depth  comparisons  we  have  made  revealed  that,  even 
during  a  moderate  winter,  a  recent  clearcut  was  relatively  unusable 
for  deer,  while  the  adjacent  uneven-aged,  highgraded  forest  was 
usabl e. 

5.  Green-leaved  forbs  and  subshrubs  are  more  nutritious  than  deciduous 
browse  during  winter.  In  study  areas  near  Juneau,  green-leaved 
forbs  and  subshrubs  were  more  generally  abundant  and  avilable  during 
winter  in  uneven-aged  old  growth  than  in  an  8-year-old  clearcut. 

We  reemphasize  that  these  are  preliminary  and  partial  results  of  incomplete  studies. 
We  cannot  ancitipate  whether  or  how  much  they  will  be  qualified  by  future  data--nor 
can  the  forest  manager.  So  today  we  find  ourselves  unable  to  accept  the  contention 
that  logging  is  generally  beneficial  to  deer  or  to  reject  the  possibility  that  it  is 
generally  harmful  in  southeast  Alaska. 

While  we  are  pursuing  the  research  as  rapidly  as  time,  staffing,  funding,  and 
other  obligations  permit,  we  feel  obliged  to  expose  interim  data  to  the  scrutiny  and 
criticism  of  those  responsible  for  resource  management.  Existing  policy  of  the 
Tongass  National  Forest  states  [USDA  Forest  Service,  1977,  page  90]  that  timber  har¬ 
vesting  will  be  planned  to  protect  or  enhance  wildlife  habitat.  If  the  hypotheses 
presented  here  prove  true,  what  adjustments  would  be  necessary  to  protect  or  enhance 
existing  deer  habitat? 
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There  are  reported  to  be  about  11.2  million  acres  (4.5  million  hectares)  of 
forested  area  in  southeast  Alaska  and  about  4.9  million  acres  (2  million  hectares)  of 
commercial  forest  land  [Hutchison  and  LaBau,  1975].  Approximately  87  percent  of  this 
commercial  forest  land  is  estimated  to  be  in  old-growth  forest  [USDA  Forest  Service, 
1977]. 

The  first  Alaskan  sawmill  was  built  in  the  early  1830s;  and  in  the  1850s,  Russian 
mills  near  Sitka  were  producing  3,000  board  feet  of  lumber  daily.  Between  1910  and 
1920,  420  million  board  feet  of  sawtimber  and  pilings  were  sold;  in  1920,  100  million 
board  feet  from  Admiralty  Island  were  consigned  to  Alaska  Pulp  and  Paper  Company;  in 
1923,  six  mills  were  cutting  lumber  in  large  quantities.  In  World  War  II,  about  85 
million  board  feet  were  cut;  since  1953,  over  250,000  acres  have  been  clearcut  and 
about  18,000  acres  are  being  harvested  annually  on  the  Tongass  [Harris  and  Farr,  1975]. 

As  yet  we  do  not  have  a  complete  record  of  the  total  amount  of  land  that  has  been 
logged--or  how,  when,  or  where.  Nor  do  we  know  where  the  classified  commercial  acre¬ 
age  occurs  with  relation  to  seasonal  habitat  utilization  by  deer.  Assuming  that  the 
commercial  forest  land  occurs  largely  at  lower  elevations  and  on  gentle  to  moderate 
slopes  (about  50  percent  occurs  on  slopes  of  less  than  35  percent  [Hutchison  and  LaBau, 
1975]),  we  might  expect  a  large  amount  of  the  most  readily  harvestable  timber  to  sub¬ 
stantially  overlap  deer  winter  range. 

Clearcutting  and  even-aged  regeneration  appear  to  be  the  most  efficient  method  of 
harvesting  and  producing  timber  in  southeast  Alaska,  and  the  current  program  of  sus¬ 
tained  yield  management  calls  for  a  rotation  period  based  on  a  100-year  cycle.  Our 
observations  indicate  that  this  management  policy  would  impair  deer  habitat  on 
"managed"  sites  forever. 

Assume  that  over  1/2  million  acres  (.2  million  hectares)  or  13  percent  of  the 
commercial  forest  land  in  the  Tongass  are  already  under  even-aged  management,  that 
18  thousand  acres  (7.3  thousand  hectares)  are  put  under  management  annually,  and  that 
second-growth  stands  will  be  reharvested  at  about  age  100  years.  Further  assume  that 
windthrow,  slides,  and  other  natural  processes  increase  this  conversion  of  old  growth 
to  second  growth  to  20  thousand  acres  (8.1  thousand  hectares)  annually.  A  hypotheti¬ 
cal  model  of  this  situation  (fig.  7)  traces  the  decline  of  optimum  winter  deer  habitat 
from  over  4  million  acres  (1.6  million  hectares)  today  to  almost  none  in  200  years. 

Too  many  variables  are  involved  to  use  the  above  example  as  a  prediction  of  the 
future.  Nevertheless,  it  is  presented  to  convey  the  urgency  of  the  need  for  timber 
managers  to  clarify  for  deer  managers  the  projected  rate  of  liquidation  of  old-growth 
forest  in  southeastern  Alaska.  Conversion  of  the  uneven-aged  climax  forest  naturally 
occurring  throughout  southeastern  Alaska  to  even-aged  regrowth  ("managed")  stands  will 
substantially  alter  deer  habitat  from  that  naturally  occurring  within  the  Tongass 
Forest.  Whether  or  not  this  change  is  in  the  direction  indicated  by  our  studies, 
those  responsible  for  managing  deer  habitat  for  the  maintenance  of  reasonable  popu¬ 
lation  levels  must  be  in  a  position  to  anticipate  the  potential  and  long-term  effects 
timber  management  may  have  on  this  resource. 
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Deer-Forest  Relationships 

on  Northern  Vancouver  Island 


by 


Fred  L.  Bunnell 
Faculty  of  Forestry 
University  of  British  Columbia 
Vancouver,  B.C.,  Canada 


Relationships  between  black-tailed  deer  (OdocoLte.u*>  hcmionuA  columbtanuA)  and 
forests  on  northern  Vancouver  Island  have  been  studied  for  almost  a  decade.  This 
paper  provides  an  overview  of  these  studies  and  notes  some  of  the  major  findings.  All 
research  efforts  are  bounded  by  both  the  broad,  conceptual  framework  within  which  they 
are  embedded  and  their  historical  development.  It  is  important  to  acknowledge  these 
bounds  before  discussing  specific  studies. 


Conceptual.  Fsia.mmoA.lz 


The  Province  of  British  Columbia  extends  over  950,000  square  kilometers  encompas¬ 
sing  a  diverse  physiography,  climate,  flora  and  fauna.  The  diverse  flora  is  a  product 
of  the  rugged  topography  oriented  perpendi cul ar  to  the  prevailing  winds;  of  the  8 
broad  forest  regions  described  for  all  of  Canada  [Rowe,  1959],  5  are  present  in 
British  Columbia.  The  resultant  diversity  of  vertebrate  fauna  and  its  heavy  depen¬ 
dency  upon  forest  cover  has  been  noted  by  Bunnell  and  Eastman  [1976].  The  diversity 
of  forest  types  and  wildlife  species  precludes  specific  analyses  of  the  influence  of 
each  forest  management  practice  on  each  wildlife  species.  Acknowledging  this  diver¬ 
sity,  Bunnell  and  Eastman  [1976]  proposed  a  general  model  of  the  changes  in  major 
resources  required  by  any  wildlife  species  following  complete  removal  of  tree 
overstory.  The  resources  considered  were  energy,  nutrients,  water,  temporary  shelter 
(thermal  cover,  snow  interception),  habitation,  escape  cover  and  space.  Because  it 
represents  a  general  pattern  resulting  from  autogenic,  secondary  succession  the  model 
can  be  used  as  a  framework  to  examine  influences  of  particular  forest  management  prac¬ 
tices  on  wildlife  species.  The  values  of  the  model  are  that  it  provides  a  device  for 
relating  scattered  observations  on  many  wildlife  species  in  many  forest  types  and 
offers  a  vehicle  for  extrapolating  generalities  to  areas  that  have  not  been  studied 
extensively.  Its  disadvantages  are  twofold:  1)  it  is  highly  empirical  and  therefore 
limited  in  its  ability  to  anticipate  effects  of  forestry  practices  that  have  not  yet 
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been  applied,  and  2)  our  faith  in  generalities  is  waning,  and  we  are  attempting  to 
develop  a  more  explicit  approach  to  designating  key  factors  controlling  wildlife 
populations  [Bunnell  and  others,  in  press]. 

The  relevance  of  the  conceptual  framework  [6e.n6a  Bunnell  and  Eastman,  1976]  to 
the  present  discussion  is  that,  although  not  published  until  1976,  the  framework  was 
implicitly  incorporated  into  the  recent  studies  of  black-tailed  deer  (as  well  as 

6  cana.de.v nelAcmid,  C.c.  siooizveZtl,  and  0.  vdAgdndanuA ) .  The  major  require¬ 
ments  of  deer  were  considered  in  terms  of  their  availability  during  succession.  The 
animal  was  viewed  as  an  energy  and  nutrient  "transducer , "  receiving  energy  and  nutri¬ 
ents  from  the  range  system  and  transforming  these  into  animal  tissue.  Effects  of 
forestry  were  considered  as  they  altered  the  rate  of  production  and  form  of  packaging 
of  the  energy  or  nutrients. 

All  research  was  embedded  within  this  broad  conceptual  framework,  but  it  also 
shows  a  strong  historical  development  which  also  should  be  acknowledged. 


Vo,vnZopm<int 


There  was  a  long  hiatus  between  the  first  evaluation  of  black-tailed  deer  and  its 
range  on  Vancouver  Island  [Cowan,  1945]  and  subsequent  study  [for  example  Gates,  1968; 
Smith,  1968].  During  that  period,  management  of  the  species  considered  only  harvest 
policy.  Supportive  data  were  acquired  from  "harvest  questionnaires"  mailed  to  hunters 
and  roadside  game  checks.  These  seminal  studies  of  black-tailed  deer  in  British 
Columbia  all  were  pursued  in  the  Coastal  Douglas  Fir  Zone  [ieitiu  Krajina,  1965].  When 
Gates  and  Smith  began  their  studies  it  was  postulated  that,  in  the  absence  of  wild¬ 
fires  and  prior  to  development  of  the  logging  industry,  few  black- tailed  deer  lived  in 
the  moist  coniferous  forests  of  the  Pacific  Northwest  [Cowan,  1945;  Leopold,  1950; 
Dasmann  and  Hines,  1959;  Brown,  1961].  Favourable  responses  by  blacktails  to  the 
creation  of  early  serai  stages  were  attributed  to  the  improved  nutritional  quality  of 
the  range  [Stoner,  1932;  Cowan,  1945;  Einarsen,  1946;  Leopold,  1950;  Dasmann  and 
Hines,  1959].  It  followed  that  the  largest  deer  populations  could  be  expected  when 
the  numbers  of  ideal  food-producing  units  for  each  season  were  at  a  maximum.  Studies 
of  quality  and  quantity  of  forage,  as  related  to  numbers  of  black-tailed  deer,  were 
then  limited  to  works  by  Taber  and  Dasmann  [1958],  Dealey  [1959],  Brown  [1961],  and 
Klein  [1965].  These  investigations  documented  conditions  on  separate  ranges  of  dif¬ 
ferent  biological  or  serai  structure,  and  demonstrated  biological  differences  in  iso¬ 
lated  herds.  Accordingly,  Gates  [1968]  chose  to  measure,  in  a  single  system,  the 
nature  of  changes  in  vegetation  growing  in  logged  and  burned  areas  and  to  relate  these 
changes  to  the  pattern  of  range  selection  by  black-tailed  deer.  Smith  [1968],  working 
in  the  same  area  as  Gates,  chose  to  relate  the  changing  serai  conditions  to  numbers, 
condition  and  age-class  structure  of  the  herd.  Gates  concluded  "that  quality  and 
quantity  of  food  are  the  primary  factors  governing  range  selection  by  blacktailed  deer 
with  protective  cover  secondary"  [Gates,  1968:87];  Smith  concluded  that  "the  most 
important  regulatory  mechanism  for  Vancouver  Island  deer  populations  (was)  serai 
succession,  with  regulation  accomplished  by  any  combination  of  hunting,  normal  miscel¬ 
laneous  mortality,  and  winter  mortality"  [Smith,  1968:119]. 

By  the  late  1960s,  intensive  logging  had  progressed  into  the  northern  areas  of 
Vancouver  Island  which  experiences  heavier  snowfall  than  previous  study  areas. 

Results  from  earlier  studies  were  assumed  to  be  of  limited  applicability  and  research 
was  initiated  by  Willms  [1971]  in  the  north-central  portion  of  Vancouver  Island. 

Will  ms  evaluated  the  influence  of  environmental  factors  (forest  edge,  elevation, 
aspect,  site  index  and  roads)  on  deer  use  of  logged  and  forested  lands.  His  work 
suggested  the  importance  of  mature  forest  to  deer  in  the  Coastal  Western  Hemlock  Zone 
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[■& civiu  Krajina,  1965],  a  suggestion  subsequently  supported  by  studies  of  Jones  [1974, 
1975].  About  this  time,  another  dimension  was  introduced  to  the  management  activities 
of  the  British  Columbia  Fish  and  Wildlife  Branch.  Cutting  plans  developed  by  the 
forest  industry  were  referred  to  the  Branch  via  the  British  Columbia  Forest  Service 
for  evaluation.  Both  harvest  policy  and  habitat  preservation  became  part  of  the 
management  repertoire.  Two  consequences  emerged:  1)  the  derivation  of  key  factors 
controlling  deer  populations  in  different  systems  became  much  more  important,  and 
2)  there  was  considerable  economic  pressure  to  infer  capability  of  range  quickly  and 
thoroughly.  Subsequent  studies  became  increasingly  focussed  on  key  factors  of  deer- 
range  relations.  Their  focus,  however,  was  directed  largely  to  discerning  the  signifi¬ 
cance  of  mature  forests.  This  focus  was  consistent  with  the  newly  acquired  management 
capability  of  the  major  funding  agency  (British  Columbia  Fish  and  Wildlife  Branch), 
that  of  preserving  mature  forest  from  logging.  Relatively  little  work  was  implemented 
on  deer-range  relations  within  managed  forests.  The  work  which  is  directed  towards 
second-growth  forests  is  sponsored  primarily  by  the  forest  industry. 


CuAAe.nt  Re.ie.aAch  on  VceA-foJCit  Re.laJU.onA 


The  research  presented  here  is  a  product  of  the  conceptual  framework  and  histori¬ 
cal  development  reviewed  above.  It  has  two  major  thrusts--computer  simulation  model¬ 
ing  and  field  research.  The  objective  of  the  modeling  is  to  provide  a  vehicle  for 
integrating  the  separate  studies,  to  make  ongoing  research  more  efficient  through  this 
integration,  and  to  help  guide  management  decisions  relating  to  forested  lands.  The 
models  are  developed  with  specific  questions  in  mind--from  detailed  bioenergetic  ques¬ 
tions  to  the  "optimal"  spatial  and  temporal  patterns  of  logging  activities.  The 
modeling  efforts  are  treated  only  superficially  for  they  are  merely  a  tool,  albeit  a 
powerful  one,  for  effectively  implementing  research. 

The  field  research  explicitly  assumes  that  we  are  interested  in  the  production  of 
black-tailed  deer  as  this  production  is  influenced  by  forestry  practices.  The  vari¬ 
able  of  predominant  interest  is,  thus,  changes  in  the  population  of  black-tailed  deer 
(AP).  We  can  express  the  net  change  as  a  tautology: 

AP  =  immigration  -  emigration  +  births  -  deaths  (1) 

In  practice,  correlative  or  causal  relations  between  forest  attributes  and  deer  attri¬ 
butes  have  been  explored  by  examining  the  influences  of  forestry  practices  upon  AP; 
much  less  attention  has  been  directed  to  the  specific  rates  producing  AP.  There  are 
several  reasons.  First,  considerable  information  was  available  on  natality  and  mor¬ 
tality  schedules  of  black-tailed  deer  [Taber,  1953;  Taber  and  Dasmann,  1954  and  1958; 
Klein  and  Olson,  1960;  Brown,  1961;  Klein,  1965;  Smith,  1968;  Thomas,  1970].  Second, 
our  review  of  this  information  (for  example  table  1)  documented  enormous  variability 
in  observed  measures  and  indicated  considerable  difficulties  in  interpretation  of  such 
measures  once  acquired  [Caughley  and  Birch,  1971;  Caughley,  1974;  Bunnell  and  Tait,  in 
press;  Tait,  manuscript].  Third,  careful  scrutiny  of  the  British  Columbia  Fish  and 
Wildlife  Branch's  method  of  collecting  and  interpreting  harvest  data  indicated  it  was 
potentially  and  dangerously  misleading;  we  would  have  to  develop  new  methods  of  data 
col  1 ecti on . 

Acknowledging  these  problems,  the  major  thrust  of  the  research  became  that  of 
relating  changes  in  deer  density  to  changes  of  range  condition  with  energy  and  nutri¬ 
ents  (primarily  nitrogen)  as  the  major  currencies.  To  develop  correlative  relations 
between  forests  and  deer  we  needed  accurate  estimates  of  both  deer  abundance  and  range 
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Table  1.  Sex  and  age  class  composition  of  selected  populations 


Refer¬ 

ence 

Number 

Local 
Distinc- 
ti  ons 

Sex 

Age 

range 

»  in 

years 

-- 

0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

1 0-1 ' 

#  3 

M 

F 

? 

.30 

.21 

.15 

.09 

.08 

.06 

.03 

.02 

.02 

.01 

#  4 

M 

F 

? 

.23 

.18 

.28 

.09 

.05 

.02 

.04 

.00 

.07 

.04 

#  6 

Shrub- 

M 

.55 

.15 

.13 

.05 

.03 

.03 

.02 

.02 

.01 

.01 

1  and 

F 

.34 

.16 

.13 

.11 

.08 

.06 

.04 

.03 

.02 

.02 

+  .01 

Chapar- 

M 

.36 

.17 

.14 

.09 

.06 

.05 

.04 

.04 

.03 

.02 

ral 

F 

.22 

.14 

.13 

.11 

.10 

.08 

.07 

.06 

.05 

.04 

#  6 

Shrub- 

M 

? 

.34 

.29 

.11 

.07 

.06 

.05 

.04 

.03 

.02 

1  and 

F 

? 

.24 

.20 

.16 

.12 

.09 

.07 

.05 

.04 

.03 

Chapar- 

M 

? 

.27 

.21 

.13 

.09 

.08 

.07 

.07 

.05 

.03 

ral 

F 

? 

.17 

.16 

.14 

.13 

.11 

.09 

.08 

.06 

.05 

.01 

#12 

M 

.69 

...  115 

.195 

F 

.40 

09 

51 

#14 

M  &  F 

.22 

.17 

.15 

.13 

.11 

.09 

.06 

.03 

.02 

.01 

.01 

M  &  F 

? 

.21 

.19 

.17 

.14 

.12 

.08 

.04 

.02 

.01 

.01 

#16 

1954- 

M 

? 

.453 

.206 

.152 

.076 

.113 

1959 

F 

7 

.316 

.205 

.160 

.117 

.202 

1960- 

M 

7 

.398 

.221 

.173 

.109 

.099 

1966 

F 

7 

.303 

.221 

.165 

.107 

.204 

#3  Black-tailed  deer;  Northwest  Bay,  Vancouver  Island;  1963-67;  hunted  populations; 
specimens  from  hunter  kill  and  personal  collection  aged  by  tooth  sectioning; 

5  year  average. 

#4  Mule  deer;  Ruby  Butte,  Nevada;  1967-71;  hunted  population;  specimens  collected, 
aging  method  unknown  but  some  animals  trapped;  known  age. 

#6  Black-tailed  deer;  California;  1949-55;  hunted  population;  field  collection  of 
carcasses  aged  by  tooth  eruption  and  wear  (i.e.,  age  at  death). 

#12  Black-tailed  deer;  Alaska;  1952,  1954-56;  hunted  population;  field  collection  of 
carcasses  aged  by  tooth  eruption  and  wear. 

#14  Black-tailed  deer;  Tsiti ka-Schoen ,  Vancouver  Island;  unhunted  population;  1971, 
1973,  1974;  field  collection  of  carcasses  aged  by  tooth  sectioning. 

#16  Black-tailed  deer;  Northwest  Bay,  Vancouver  Island;  hunted  population;  1954-66; 
hunter-killed  samples  aged  by  tooth  eruption  and  wear. 

Conti nued 
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Table  1.  Sex  and  age  class  composition  of  selected  populations  (continued) 


Refer¬ 

ence 

Number 

Local 

Di  sanc¬ 
tions 

Sex 

Age  range,  in  years-- 

11-12 

12-13 

13-14 

14-15 

15- 

#  3 

M 

F 

.01 

.005 

.005 

.01 - 

#  4 

M 

F 

#  6 

Shrub- 

M 

1  and 

F 

Chapar- 

M 

ral 

F 

#  6 

Shrub- 

M 

M : F  Ratio 

54:138 

OR 

39:100 

1  and 

F 

Chapar- 

M 

M:F  Ratio 

60:131 

OR 

43:100 

ral 

F 

#12 

M 

F 

#14 

M  &  F 

.00 

.00 

M  &  F 

.005 

.005 

#16 

1954- 

M 

M:F  Ratio 

335:332 

OR 

101 : 1 00 

1959 

F 

1960- 

M 

M: F  Ratio 

724:673 

OR 

108:100 

1966 

F 

condition.  To  monitor  effect  of  a  particular  range  treatment  upon  the  deer  population, 
we  also  required  some  estimate  of  mortality  factors  that  occur  largely  independently 
of  range  conditions,  for  example,  hunter  harvest. 

Mccc6uac<5  o{)  d&2A  abundance,  and  kcuiveAt-- The  two  most  commonly  employed  methods  of 
estimating  deer  abundance  are  pellet  counts  and  roadside  counts.  The  effectiveness  of 
both  of  these  methods  can  be  evaluated.  In  the  moist  Pacific  Northwest  it  is  virtu¬ 
ally  impossible  to  distinguish  "fresh"  from  "old"  pellets;  it  is  also  time-consuming 
to  clear  pellet  plots.  We  have  evaluated  both  rates  of  pel  let  degradation  of  indi¬ 
vidual  pellets  and  reduction  in  visibility  of  pellet  groups  using  an  8  cell  factorial 
design  [Harestad  and  others,  in  preparation] .  The  design  has  2  levels  in  each  of  3 
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factors,  viz.  moisture  (wet,  dry),  substrate  (vegetated,  bare),  overstory  (forest, 
slash).  The  dominant  influence  was  that  of  moisture,  but  presence  of  understory  vege¬ 
tation  was  also  important. 

In  general,  pellet  persistence  was  least  in  the  wet,  vegetated,  forest  sites  and 
greatest  in  the  dry,  bare,  slash  sites.  After!  year,  the  mean  numbers  of  pellets  re¬ 
maining  in  the  pellet  groups  on  wet  sites  were  between  16  and  48  percent  of  the 

original  complement  of  pellets.  On  the  dry  sites  between  50  and  70  percent  of  the 

pellets  were  present  after  one  year.  After  2  years  in  the  wet,  slash  areas  between 
1  and  10  percent  of  the  pellets  were  present,  while  on  the  dry,  slash  sites  20  to  41 
percent  of  the  pellets  remained. 

Similar  trends  were  found  in  the  visibility  of  pellet  groups.  On  wet  sites,  10 
to  75  percent  of  the  pellet  groups  were  visible  after  1  year,  while  on  the  dry  sites, 
60-95  percent  of  the  pellet  groups  were  visible  after  1  year.  After  2  years,  5  to  25 
percent  of  the  pellet  groups  on  the  wet,  slash  sites  were  visible,  while  25  to  75  per¬ 
cent  of  the  pellet  groups  on  the  dry  slash  sites  were  visible.  There  was  no  signifi¬ 
cant  observer  effect  on  estimated  visibility. 

Extrapolation  of  the  rates  of  change  of  the  pellet  group  visibilities  indicate 
that  on  wet  sites  the  number  of  pellet  groups  counted  represent  between  100  and  200 

percent  of  the  actual  number  of  pellet  groups  deposited  during  the  previous  year. 

Black-tailed  deer  pellet  group  counts  conducted  on  uncleared  plots  are  likely  over¬ 
estimates  of  population  density  and  habitat  use.  These  overestimates  could  range  from 
0  to  3  times  their  actual  value.  Thus,  population  indices  from  different  areas  could 
differ  up  to  3  times  and  still  represent  the  same  actual  population  density. 

The  rates  derived  from  the  studies  allow  more  reliable  interpretation  of  past 
results  and  extension  of  present  findings.  It  is  noteworthy  that  pellet  counts 
calibrated  by  degradation  studies  give  estimates  of  deer  abundance  in  close  agreement 
with  Jolly-Seber  estimates  using  marked  animals  and  roadside  counts. 

Roadside  counts  also  present  a  dilemma,  even  when  we  recognize  the  fundamentals 
of  sampling  theory  and  effectively  reduce  variance  in  counts  by  stratifying  by  habitat 
type  and  time  of  year.  A  fixed  level  of  sampling  effort  (distance  driven)  must  be 
allocated  over  both  the  length  of  individual  transects  and  number  of  individual 
transects.  The  dilemma  is  simple:  variance  in  night  counts  decreases  with  increas¬ 
ing  transect  length;  at  a  fixed  effort,  increase  in  transect  length  reduces  the  number 
of  transects  counted;  a  decrease  in  number  of  counts  increases  the  variance.  Here, 
too,  we  can  evaluate  our  methodology  [Harestad  and  Jones,  in  preparation].  The 
optimum  sampling  regime  occurs  where  the  first  derivative  of  the  variance  with  respect 
to  number  of  transects  (ds),  equals  the  first  derivative  of  the  t  distribution  at  some 
level  of  confidence  (dt,  at  perhaps  a  =  .05);  that  is  ds  =  dt.  The  function  1  ds-dt  | 
can  be  evaluated  for  a  given  sampling  effort  E.  Because  length  of  transect  (L)  and 
number  of  transects  (n)  are  not  independent  (E  =  nL),  determination  of  n  from  the 
function  ids- dt |  also  specifies  the  optimal  length. 

As  noted  above  we  also  require  estimates  of  deer  harvest  to  have  confidence  in 
our  measures  of  abundance.  Attempts  to  evaluate  effects  of  a  particular  management 
practice  require  harvest  data  from  the  specific  area.  While  the  structure  of  the 
problem  is  clear,  incorporate  smaller  management  units,  the  mechanism  is  less  clear, 
particularly  when  large  numbers  of  game  checks  are  prohibitively  costly  and  a  mail 
questionnaire  must  be  relied  on  for  the  bulk  of  the  data.  The  major  problem  with 
questionnaires  is  that  they  assume  questionnaire  respondents  are  representati ve  of  all 
holders  of  hunting  licenses.  This  gross  assumption  can  be  avoided,  at  least  in  part. 
Since  1975,  hunting  licenses  held  on  Vancouver  Island  have  been  cross-referenced  to 
hunter  questionnaires  and  license  numbers  have  been  recorded  for  hunters  contacted  in 
the  field  or  at  game  checks.  Mark-recapture  techniques  can  be  used  to  estimate  game 
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harvests  from  field  contacts  (marking  phase)  and  questionnaire  returns  (recapture 
phase).  The  evaluation  that  has  been  performed  suggests  that  the  mark-recapture  esti¬ 
mates  are  much  more  accurate  than  questionnaire  returns  alone  [Kale,  in  preparation]. 

Research  on  pellet  group  persistence,  night  counts  and  harvest  patterns  was 
implemented  to  increase  our  confidence  in  estimates  of  deer  abundance  and  AP.  Of  the 
factors  in  Equation  1,  only  emigration  has  been  treated  directly.  Tags  were  recovered 
from  66  of  the  229  fawns  ear-tagged  between  1959  and  1964  at  Northwest  Bay,  Vancouver 
Island  [Harestad  and  Bunnell,  manuscript].  The  furthest  distance  moved  was  32  kilo¬ 
meters  by  an  unsexed  deer,  1-1/2  years  old  when  killed.  The  second  furthest  movement 
was  by  a  1-1/2  year  old  female  that  moved  30  kilometers.  Analysis  of  the  distances 
between  tagging  and  recovery  sites,  and  the  ages  at  which  the  deer  were  killed,  indi¬ 
cates  that  close  to  one-half  (45  percent)  of  the  males  and  one-sixth  (16  percent)  of  the 
females  move  further  than  5  kilometers  from  their  tagging  site  and  so  presumably  from 
their  birth  site.  Comparison  of  these  data  with  those  recalculated  from  Brown  [1961] 
indicate  that  almost  2  times  as  many  males  moved  distances  greater  than  5  kilometers 
in  Northwest  Bay  than  did  males  in  Washington.  This  difference  in  male  emigratory 
rate  may  be  explained  by  density  dependent  emigration.  In  Northwest  Bay  the  estimated 
deer  densities  were  between  17  and  72  percent  greater  than  those  in  Washington. 
Two-thirds  of  the  movements  greater  than  5  kilometers  occur  when  the  deer  are  between 
the  ages  of  1  and  2  years.  The  high  emigration  rates  observed  in  black-tailed  deer 
could  have  substantial  effects  on  the  measurement  of  population  variables  and  harvest 
rates,  especially  when  these  values  are  determined  in  relatively  small  study  areas. 

Immigration  rates  of  Equation  1  can  be  assumed  equal  to  emigration  rates  only 
where  densities  are  relatively  homogeneous.  Birth  and  death  rates  (other  than  harvest) 
have  not  been  estimated  directly.  Carryover  counts,  which  can  be  evaluated  in  the  same 
manner  as  night  counts,  have  been  employed.  Reproductive  tracts  and  jaws  have  been 
collected  (table  1),  but  are  not  a  major  component  of  the  research. 

HeeA- >ielcitlcm6--Jhe  preceding  discussion  has  noted  some  means  we  have 
utilized  to  increase  our  confidence  in  estimates  of  deer  abundance.  The  majority  of 
the  research  effort  has  been  directed  towards  documentation  of  daily,  seasonal  and 
longer-term  responses  of  the  deer  (movements  and  abundance)  to  changes  in  the  forest 
environment.  It  is  clear  that  different  factors  exert  varying  degrees  of  control  on 
Columbian  blacktails  in  different  forest  zones  (fig.  1).  To  address  this  complex 
issue,  I  will  limit  discussion  largely  to  the  Western  Hemlock  Zone,  note  first  deer 
movements  within  the  zone,  discuss  particular  environmental  controls,  then  briefly 
mention  impacts  of  some  forestry  practices. 

V<lqa  movmzn&>.  Harestad  [in  preparation]  has  noted  that  during  the 
spring  a  few  deer  move  from  the  wintering  areas  into  the  higher  elevations 
and  non-wintering  areas  almost  as  soon  as  the  snow  pack  has  melted. 

However,  the  bulk  of  the  deer  remain  in  the  lower  elevations  and  do  not 
migrate  until  much  later.  By  mid-April  some  of  the  deer  have  moved  into 
the  mid-elevations.  By  mid-June  and  early  July,  many  deer  have  moved 
into  the  higher  elevations.  After  the  first  snows,  which  occur  in  late 
October  and  early  November,  the  densities  of  deer  in  the  high-  and 
middle-elevations  drop. 

The  mean  size  of  home  ranges  of  males  in  the  spring  is  50  hectares, 
significantly  larger  than  the  female  home  ranges  at  this  time  of  10.4 
hectares.  The  summer  home  ranges  are  much  larger  than  the  spring  home 
ranges.  In  males,  the  summer  home  range  size  is  175  hectares  while  that 
of  the  females  is  40  hectares.  In  winter  the  home  ranges  collapse  in 
size  but  in  general,  remain  larger  than  the  spring  home  ranges.  As  with 
spring  and  summer  home  ranges,  the  winter  home  range  size  of  the  males 
(84  hectares)  is  larger  than  that  of  the  females  (32  hectares). 
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Figure  1.  Key  factor:,  controlling  numbers  of  blacktailed  deer  in  different  ecosystems.  Width  of 
the  diamonds  represent  relative  confidence  in  the  quality  of  information  available; 
height  represents  relative  confidence  in  the  quantity  of  information.  Legend  for  eco¬ 
systems:  DF=Douglas  Fir  Zone,  WH=Western  Hemlock  Zone,  WHSS=Fog  Western  Hemlock/Sitka 
Spruce  Zone.  All  sensu  Packee  1976. 


There  is  wide  variation  in  the  locations  of  the  seasonal  home  ranges 
with  respect  to  one  another.  In  some  deer,  their  spring  range  is  immedi¬ 
ately  next  to  their  winter  range  whereas  in  other  deer  the  spring  range 
is  between  the  winter  and  summer  ranges.  Mean  distances  between  the 
centers  of  the  seasonal  home  ranges  are:  spring-summer ,  3  kilometers; 
summer-winter,  2.8  kilometers;  and  winter-spring,  1  kilometer.  The  maxi¬ 
mum  distance  migrated  by  a  radiotagged  deer  was  6.4  kilometers  and 
occurred  between  its  spring  and  summer  home  ranges.  Another  deer  shifted 
its  center  of  home  range  by  only  about  0.5  kilometers  -during  each  of  the 
seasons.  Typically,  the  summer  home  ranges  were  located  at  higher  ele¬ 
vations  than  were  the  winter  and  spring  home  ranges.  In  most  instances, 
the  spring  home  ranges  were  located  in  the  valley  bottom  areas  adjacent 
to  the  winter  home  ranges. 

Harestad  [in  preparation]  hypothesized  that  the  observed  patterns  of 
seasonal  movements  were  in  response  to  seasonal  changes  in  food 
availability.  To  test  this  hypothesis  food  abundance  was  measured  in 
each  of  the  seasonal  home  ranges.  Contributions  to  the  food  supply  were 
estimated  for  VaccinsLum  paAvifioLLum,  Vaccinatum  aicukacnAC,  and  GaattkcAia 
bkaZlcm  by  measuring  the  numbers  and  the  heights  of  the  shrub  stalks  on 
representati ve  plots  in  the  home  ranges.  These  numbers  and  heights  were 
then  converted  to  kilograms  of  annual  growth  per  hectare  through  the  use 
of  crown-stalk  height  and  annual  growth-stalk  height  regressions.  The 
abundance  of  AlccutoAia  was  estimated  through  low  level  oblique  aerial 
photographs  of  the  forest  crown  above  the  plots. 

In  general,  the  deer  inhabited  those  areas  where  food  was  most 
abundant  during  that  season.  The  apparent  objective  of  maximizing  food 
abundance  results  in  different  seasonal  movement  patterns.  Some  deer 
made  vertical  migrations,  others  made  horizontal  migrations,  while  still 
others  just  shifted  their  intensity  of  use  of  forest  and  logging  slash. 

In  all  cases,  the  result  was  to  maximize  food  abundance. 

EnviAonmcntai  contAoti,:  dccn.  {oiiuqc.  It  is  apparent  from  fig.  1 
that  availability  of  forage  plants  ( parti cul arly  arboreal  lichens  and 
shrubs)  is  assumed  to  be  controlling  deer  abundance  in  the  Western  Hem¬ 
lock  Zone.  The  role  of  snow  in  modifying  availability  is  discussed  later. 
Harestad's  work  documents  the  response  of  the  deer  population  to  levels  of 
forage;  the  work  of  Ellis,  Rochelle,  and  Stevenson  extends  the  manner  and 
degree  of  control . 

Rochelle  [in  preparation]  continued  the  evaluation  of  food  habits 
initiated  by  Jones  [1975],  but  dealt  more  intensively  with  deer-forage 
relationships.  In  particular,  he  has  documented  monthly  changes  in 
chemical  composition  of  ten  major  forage  species  and  related  these  to 
such  measures  as  rumen  nitrogen,  dry  matter  digestibility,  and  production 
of  volatile  fatty  acids.  Plant  samples  were  collected  from  both  mature 
forest  and  recently  logged  areas.  Thus,  we  can  document  the  patterns  of 
metabolizable  energy  and  nutrients  available  within  these  two  broad 
types.  These  patterns  are  in  turn  related  to  animal  condition  through 
such  measures  as  blood  urea  nitrogen,  mesentery  fat,  etc.  One  outcome 
of  the  work  of  Rochelle  [in  preparation]  was  documentation  of  the  signif¬ 
icance  of  arboreal  lichens.  It  was  apparent  from  studies  in  the  Douglas 
Fir  Zone  [Cowan,  1945;  Gates,  1968]  and  the  Western  Hemlock  Zone  [Jones, 
1975]  that  Columbian  blacktails  consume  large  amounts  of  lichen  in  the 
winter  and  spring.  The  more  detailed  measures  of  Rochelle  provided  addi¬ 
tional  information.  First,  for  deer  collected  in  the  timber,  arboreal 
lichen  was  the  second  most  common  constituent  of  the  diet  (35.5  percent 
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by  volume;  100  percent  frequency;  n  =  12).  All  other  species  with  the 
exception  of  GaulthoAla  Akallon  occurred  at  volumes  of  less  than  5  percent. 
Second,  winter  litterfall  of  lichen  on  winter  ranges  is  approximately  equal 
to  the  production  of  rooted  forage,  40-150  kilograms  per  hectare.  Third, 
the  major  constituent  of  the  litterfall  (Aluctonla  spp.)  has  an  In  viVio 
dry  matter  digestibility  of  75-90  percent,  about  35-40  percent  higher  than 
the  digestibilities  of  key  rooted  species  Vaccanlum  paAvlfiollum,  Thuja 
pticaXa,  and  G.  Akcctlon. 

As  a  result  of  these  findings,  more  detailed  research  was  conducted 
on  the  AlzctosUa.  component  of  black-tailed  deer  forage.  Stevenson  [in 
preparation]  extended  Rochelle's  studies  of  lichen  litterfall  and  con¬ 
sumption  of  litter,  and  evaluated  means  of  estimating  lichen  abundance. 

The  exclosure  plots  of  Stevenson  corroborate  results  of  Rochelle;  even 
in  mild  winters  black-tailed  deer  consume  about  50  percent  of  the  lichen 
litterfall  in  areas  of  high  snow  fall.  Her  evaluation  of  visual  and 
aerial  photographic  (large  scale  infrared)  estimates  of  lichen  abundance 
has  provided  a  useful  tool  for  range  assessment.  The  two  techniques 
wereeval uated  by  handpicking  lichens  from  selectively  fallen  trees. 

Using  the  sampling  scheme  she  developed,  visual  estimates  of  lichen 
abundance  predict  biomass  (kilograms  per  hectare)  with  reasonable 
accuracy  (r2  =  0.74  to  0.90  [Stevenson,  in  Dreparation]) . 

The  work  of  Jones,  Rochelle,  and  Harestad  also  indicated  the  impor¬ 
tance  of  the  shrub  component  of  winter  and  spring  ranges.  Shrub  pro¬ 
ductivity  on  winter-spring  ranges  appears  a  major  factor  controlling 
blacktail  numbers  in  some  forest  types  (fig.  1).  As  the  forest  industry 
has  been  experiencing  economic  difficulties,  the  reservation  of  low 
elevation  "winter  logging  shows"  as  blacktail  winter  range  has  become 
increasingly  conflict-laden.  The  work  of  Ellis  [in  preparation]  was 
initiated  to  extend  evaluations  of  carrying  capacity  in  timbered  and 
adjacent  cutover  areas.  This  work  is  currently  underway  and  has  the 
following  objectives: 

1)  To  determine  carrying  capacity  of  the  winter-spring,  shrub 
range  complex.  Methods  are  directed  to  examination  of  the 
impact  of  browsing  on  the  growth  and  competitive  status  of 
key  shrub  species  and  consequent  growth  patterns  generated 
by  browsing. 

2)  To  determine  mineral  dynamics  associated  with  the  biomass 
and  population  dynamics  of  Objective  1.  Changes  in  mineral 
concentrations  are  being  examined  during  early  successional 
stages  and  fertilization  experiments. 

Integration  of  the  work  of  Jones,  Rochelle,  Harestad,  Stevenson  and 
Ellis  should  document  the  manner  and  degree  of  control  exerted  on  black- 
tails  by  forage  availability. 

Snow.  Despite  the  relatively  low  track  loading  (211  to  352  grams 
per  square  centimeter),  the  short  chest  height  of  black-tailed  deer  (44 
to  59  centimeters  depending  on  sex  and  age  class)  seriously  curtail 
movement  in  snow  greater  than  60  centimeters.  As  crusting  conditions 
are  relatively  infrequent  over  much  of  the  range  of  black-tailed  deer, 
accumulated  snow  pack  is  a  significant  factor  delineating  deer  range 
in  terms  of  both  deer  mobility  and  food  availability.  Mean  annual  snow¬ 
fall  within  black-tailed  deer  range  varies  from  25-107  centimeters  to 
12.7-750  centimeters  depending  on  biogeocl imatic  zone;  thus,  the 


importance  of  snowfall  as  a  factor  controlling  deer  numbers  varies 
(fig.  1).  In  regions  of  high  snowfall  where  snow  pack  is  likely  to 
exceed  either  chest  height  or  mean  height  of  rooted  forage,  closure 
of  the  mature  tree  canopy  becomes  an  important  factor  determining 
the  value  of  the  range.  On  higher  elevation  winter  ranges  (about 
800  meters  above  sea  level),  snow  pack  frequently  attains  depths  of 
180-200  centimeters  in  open  areas,  110  centimeters  in  areas  which 
support  30  percent  crown  closure  and  only  30  centimeters  in  areas  of 
70  percent  crown  closure  [Jones,  1975]. 

In  those  areas  where  snowfall  is  liable  to  become  a  controlling 
factor,  mean  shrub  height  is  important  in  evaluating  the  value  of 
range  as  well  as  canopy  closure.  Both  Harestad  and  Ellis  have  docu¬ 
mented  good  predictive  relations  between  shrub  height  and  productivity. 

Vfizdcution.  As  is  evident  from  fig.  1,  we  are  still  uncertain 
about  the  effects  of  predation  on  black-tailed  deer  numbers.  It  is, 
however,  apparent  that  wolves,  cougars,  blackbears,  and  even  golden 
eagles  are  taking  fawns.  The  Dewars,  working  with  British  Columbia 
Fish  and  Wildlife  Branch  in  Nanaimo,  have  radio-collared  more  than  20 
cougars  but,  to  date,  most  of  the  data  are  unanalyzed  and  we  know  little 
more  than  the  cougar  is  an  efficient  predator  on  deer.  Information  on 
wolves  is  equally  cursory.  The  preliminary  evaluations  of  wolf  preda¬ 
tion  suggest  that  deer  recruitment  may  be  reduced  by  40  percent  in  areas 
where  wolves  are  abundant.  Wolf  numbers  appear  to  be  increasing.  In 
areas  where  dense  wolf  populations  and  heavy  hunting  pressure  coincide, 
the  effects  on  deer  populations  appear  significant,  but  conclusions  are 
again  premature.  Scott  is  beginning  more  definitive  studies  on  the 
Vancouver  Island  wolf. 

BddAock  gdologij.  Some  controls  on  deer  numbers  are  more  indirect 
than  those  of  snow  depth  or  predation.  The  British  Columbia  Fish  and 
Wildlife  Branch  has  delineated  "deer  production  capability  zones"  for 
Vancouver  Island.  These  zones  show  only  modest  correlation  with  the 
biogeocl imatic  zones  for  the  area  proposed  by  Krajina  [1965]  and  refined 
by  Packee  [1976].  Deer  abundance  does,  however,  correlate  well  with  the 
andesitic  till  soils  underlain  by  Bonanza  Group  rocks.  Andesitic  soils 
are  generally  higher  in  nutrients,  particularly  nitrogen,  than  are  tills 
overlying  other  bedrock  types  [Lewis,  1976].  Further,  levels  of  nitro¬ 
gen  in  key  forage  species  frequently  fall  below  7  percent  on  other  soils. 

As  there  was  little  redistribution  of  parent  materials  during  glaciation 
of  Vancouver  Island,  the  correlation  between  deer  production  and  under¬ 
lying  geology  is  not  surprising. 

As  with  other  potential  controls  on  deer  numbers  the  effect  exerted 
varies  between  biogeocl imatic  zones  (fig.  1).  We  presently  assume  that 
bedrock  geology  exerts  its  greatest  control  in  the  Fog  Western  Hemlock/ 

Sitka  Spruce  Zone.  Over  much  of  this  zone  other  potentially  controlling 
features  appear  of  less  importance,  and  superficial  appearances  suggest 
the  zone  should  support  large  numbers  of  deer.  By  recognizing  such 
broad  correlations  as  those  between  deer  abundance  and  bedrock  geology, 
management  goals  that  would  ultimately  be  constrained  by  fundamental 
controls  can  be  rejected  at  the  outset. 

Inputs  ofi  koKZAtny  p/iacXfc&6--Bunnel  1  and  Eastman  [1976]  presented  a  general 
model  of  the  impacts  of  forestry  practices  upon  wildlife.  Over  the  past  two  years, 
efforts  have  been  directed  to  enhancing  the  predictability  and  utility  of  that  model. 
One  approach  has  been  to  refine  our  derivation  of  controlling  factors  [Bunnell  and 
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others,  in  press].  For  example,  even  though  the  Fog  Western  Hemlock/Sitka  Spruce  Zone 
appears  capable  of  supporting  high  deer  densities,  it  might  prove  futile  to  place 
severe  restrictions  on  forestry  practices  in  the  zone  because  deer  numbers  will  remain 
indirectly  constrained  by  bedrock.  Major  research  efforts  now  are  being  directed 
towards  predicting  changes  in  successional  patterns  accompanying  intensive  forestry 
practices,  documenting  more  clearly  tree-ungulate-snow  relations,  and  addressing  the 
question  of  "green-up"  periods,  the  time  left  between  adjacent  cut  blocks.  We  can 
consider  the  latter  question  to  exemplify  the  approach. 

Earlier  studies  have  examined  the  response  of  blacktail  use  to  either  different 
serai  stages  [Gates,  1968]  or  to  different  sizes  and  shapes  of  clearcuts  [Will ms, 
1971].  These  studies  thus  treat  either  the  spatial  or  temporal  dimension  of  deer  use. 
Some  have  interpreted  the  results  of  Will  ms'  study  (for  example  figs.  2  and  3)  to  sug¬ 
gest  that  clearcuts  should  not  be  greater  than  1600  feet  (485  meters)  in  width  if  max¬ 
imum  deer  numbers  are  to  be  supported.  Maximum  sizes  of  clearcut  blocks  would  thus  be 
23.5  hectares  (58  acres).  As  well  as  the  obvious  geometric  fallacy,  it  is  apparent 
that  studies  dealing  with  only  the  spatial  or  temporal  dimension  cannot  be  extrapo¬ 
lated  so  simply;  both  the  temporal  and  spatial  dimensions  must  be  considered 
simultaneously.  At  present,  the  most  effective  approach  appears  to  be  conditional 
simulation  models  examining  the  effects  of  documented  dispersal  patterns  when  these 
are  invoked  within  different  cutting  patterns.  Research  here  is  still  preliminary. 

We  have  also  invoked  the  approach  used  for  roe  deer  in  Poland. 

Bobek  [1977]  reported  reasonable  success  relating  the  abundance  of  roe  deer  to 
areas  of  different  serai  stage  in  Polish  forests.  Unlike  roe  deer,  blacktails  are  not 
highly  territorial,  but  do  show  strong  associations  with  particular  serai  stages.  Our 
initial  model  was  of  the  form 


+  biXi 


+  b2x2  +  b3x3 


where  Y  =  a  measure  of  deer  abundance  or  use, 

Xx  =  area  or  proportion  of  total  area  in  age  class  1-5  years, 

X2  =  area  or  proportion  of  total  area  in  age  class  6-10  years, 

and  X3  =  area  of  proportion  of  total  area  in  age  class  11-20  years. 


(2) 


In  the  simple  linear  formulation  of  Equation  2,  the  values  for  r2  are  low  (0.25- 


the 

popu- 


0.35).  The  inclusion  of  interaction  terms  has  a  sound  biological  rationale  as 
availability  of  food  (XT)  without  shelter  (X3),  or  vice  versa,  will  affect  the 
lation  differently  than  if  they  were  in  optional  proportions.  Inclusion  of  inter¬ 
action  terms  increases  the  values  for  r2  to  0.94-0.96,  highly  significant.  These 
results  also  are  preliminary,  for  two  reasons.  First,  only  a  small  portion  of  the 
available  data  has  been  examined.  Second,  the  form  of  the  equation  cannot  be  vested 
with  clear  biological  meaning.  As  a  means  for  relating  gross  impacts  of  timber 
management  on  black-tailed  deer  range  such  equations  may  be  highly  predictive  over 
the  range  of  data  collected,  but  as  the  form  of  range  manipulation  changes  (for 
example  more  intensive  forestry)  such  equations  likely  will  lose  their  effectiveness 
Measures  more  directly  related  to  features  of  the  range  are  required, 
measures  are  being  acquired  (Ellis,  Harestad,  Rochelle,  Stevenson)  but 
exploring  models  that  will  predict  effectively  the  impacts  of  forestry 
the  deer. 


In  part,  such 
we  are  still 
practices  on 


PLOT  1 

Outside  Forest 


Figure  2.  Pellet  group  distribution  on  a  southern  exposure  and  a  1961  burn. 


Figure  3.  Effect  of  upper  forest  edge  on  deer  use  of  a  southern  exposure 

logged  and  slashburned  in  1961.  Broken  line  indicates  effect  of 
road  use  on  deer  use. 
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lYitAoducjtion 


Beach  fringe  and  low  elevation  timbered  areas  of  Southeast  Alaska  have  tradi¬ 
tionally  been  under  great  logging  pressure  because  of  their  easy  accessibility  and 
high  quality  timber.  However,  these  areas  are  also  critical  deer  winter  range  and 
the  habitat  they  provide  is  essential  to  maintain  deer  through  the  months  of  heavy 
snowpack  [Merriam,  1971a].  Previous  studies  have  shown  that  quantities  of  browse 
species  increase  considerably  in  areas  opened  by  recent  loqging  [Robinson,  1958; 
Billings  and  Bishop,  1971;  Telfer,  1971,  1974;  Patton,  1974].  Unfortunately ,  in 
southeast  Alaska,  especially  the  northern  half,  this  browse  is  often  buried  by  snow- 
pack  during  the  winter,  restricting  deer  to  the  remaining  lower  elevations,  climax 
timbered  stands.  Quantitative  information  is  presently  lacking  on  the  impact  of 
clearcutting  on  forage  production  in  the  climax  forest.  A  better  understanding  of 
this  impact  is  necessary  to  design  cutting  units  which  will  maintain  or  improve 
rather  than  damage  critical  deer  habitat. 

Studies  have  been  conducted  throughout  the  United  States  to  determine  the  quan¬ 
tity  and  quality  of  forage  produced  on  unlogged  deer  range  [Einarsen,  1946a,  1946b; 
Dietz  and  others,  1962;  Brown,  1961;  Dietz,  1965;  Short  and  others,  1969;  Alldredge 
and  others,  1974;  Hickman,  1975].  These  studies,  in  addition  to  those  by  McEwen  and 
others  [1957]  and  Ullrey  and  others  [1971],  have  resulted  in  well-established  esti¬ 
mates  of  optimal  intake  rates  on  a  dry  weight  and  percent  protein  content  basis  for 


]_/  This  work  was  supported  by  the  USDA  Forest  Service. 

2/  At  the  time  this  article  was  written,  the  authors  were,  respectively,  Soil  Scien¬ 
tist  and  Biological  Aid  for  the  U.S.  Forest  Service,  Tongass  National  Forest, 
Region  10,  Alaska. 
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maintenance  of  deer.  Most  studies  [French  and  others,  1955;  McEwen  and  others,  1957] 
assess  minimal  average  annual  protein  levels  necessary  to  maintain  growth.  No  studies 
were  found  which  tested  for  minimal  intake  rates  and  protein  contents  necessary  to 
sustain  deer  through  the  critical  winter  months  until  they  can  return  to  more  nutri¬ 
tive  and  abundant  spring  and  summer  foods.  Some  data  indicating  variation  in  quality 
and  quantity  of  forage  in  response  to  stage  of  vegetative  succession  have  been 
reported  within  the  range  of  black-tailed  deer  {Odoaoitz. ua  hemlonuA)  [Einarsen,  1946; 
Robinson,  1958;  Brown,  1961].  However,  we  are  not  aware  of  any  investigations  of 
forage  response  to  increased  available  light  within  a  stand  due  to  adjacent  artificial 
stand  openings.  In  Southeast  Alaska,  however,  marginal  winter  habitats  that  consist 
of  extremely  homogeneous  cover  types  must  be  closely  examined  to  determine  any  manage¬ 
able  factor  that  may  influence  forage  production. 

Although  several  studies  [Klein,  1963,  1965;  Abell  and  Gilbert,  1974]  have  indi¬ 
cated  that  soils  may  significantly  contribute  to  the  observed  variation  in  forage 
quantity  and  quality,  few  have  directly  tested  the  influence  of  soils  [Hundley,  1959; 
McCaffery  and  Creed,  1969].  Klein  [1963],  in  an  extensive  study  of  physiological 
responses  of  Sitka  black-tailed  deer  to  different  quality  forage  in  southeast  Alaska, 
stated  that  soils  were  probably  of  less  consequence  in  determining  forage  quality  than 
were  altitude,  exposure  and  cover  type;  but  his  work  was  based  primarily  on  summer 
range  habitats  which  included  a  wide  variety  of  these  factors.  Winter  range  is  essen¬ 
tially  restricted  to  forested  habitats  at  low  elevations.  It  would,  therefore,  seem 
likely  that  soil  type  may  play  a  very  important  role  in  the  quantity  and  quality  of 

forage  produced  on  an  otherwise  relative  homogeneous  winter  habitat. 

The  objectives  of  this  investigation  was  to  determine  the  effects  of  timber  har¬ 
vest  and  soil  type  on  quantity  and  quality  of  deer  forage  produced  at  the  edge!/  of 
residual  forest  stands. 

The  authors  are  indebted  to  S.  Ries,  Michigan  State  University,  for  his  guidance 
and  contribution  of  the  initial  protein  analyses;  F.  Bunnell,  University  of  British 
Columbia;  W.  Farr  and  O.C.  Wall  mo.  Forestry  Sciences  Laboratory,  Juneau,  Alaska;  and 

D.  McKnight,  Research  Coordinator,  Alaska  Department  of  Fish  and  Game,  for  their 

in-depth  reviews,  critiques  and  suggestions.  Acknowledgement  is  also  due  a  number  of 
co-workers  who  battled  the  elements  of  southeast  Alaska  to  gather  the  necessary  field 
data;  in  particular,  W.  Bergmann,  R.  Lea,  and  T.  Stewart. 


MeZkodA  and  IhaZ&vLaiA 


SoZt  cJLaAiZfiicaZZon  and  6iZzA  6ample.d--Si  qni  ficant  and  predictable  differences  in 
timber  growth  have  been  observed  on  different  soil  series  in  southeast  Alaska 
[Stephens  and  others,  1968].  For  simplicity  of  soil  classification  and  forest  manage¬ 
ment  recommendations,  the  existing  soil  series,  along  with  their  representati ve  plant 
communities,  have  been  grouped  into  ecosystems  [Stephens  and  others,  1974].  The  3 
most  common  productive  forest  ecosystems  have  been  chosen  for  observation  in  the 
present  study.  They  are: 


]_/  The  "edge"  or  "edge  effect"  are  terms  used  in  this  paper  to  define  the  influence  of 
additional  light  from  natural  or  artificial  openings  on  forage  quantity  and  quality 
beneath  the  adjacent  residual  stand. 
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FI  -  Moderately  well  to  wel 1 -drained ,  deep  (25  centimeters  to 
1.5  meters),  forested  mineral  soils  (Cryorthods ) . 

F2  -  Moderately  well  to  well-drained,  shallow  (5  centimeters 
to  25  centimeters),  forested  mineral  soils  (Cryorthods ) . 

F4  -  Somewhat  poorly  drained,  forested  mineral  soils  (25 
centimeters  to  1.5  meters  deep)  (Cryaquods;  Cryic 
Fragiaquods) . 

All  future  references  to  these  groups  in  this  paper  will  be  as  ecosystems. 

Quantity  and  quality  of  forage  were  sampled  on  18  forested  sites  bordering  clear- 
cut  areas.  Criteria  for  selection  of  these  sites  included  ecosystem  classification; 
age  and  origin  of  the  opening  adjacent  to  the  candidate  stand,  and  the  topographic 
variables;  elevation,  aspect  and  slope.  Sites  that  exhibited  current  browsing  of 
understory  plants  were  rejected.?-/  six  sites  were  sampled  on  each  of  the  3  ecosystems, 
FI,  F2  and  F4.  Age  of  these  openings  ranged  from  3  to  12  years.  Care  was  taken 
to  select  sites  of  similar  topographic  and  successional  stage. 

Sampling  design  and  statistical  methods -~l\  fixed  sampling  design  was  used  to 
obtain  estimates  of  the  amount  of  forage  produced  on  a  site.  The  design  consisted  of 
4  transects  running  parallel  to  the  exposed  edge  of  the  stand  at  1,  50,  100  and  200 
feet  (15,  30  and  60  meters)  from  the  edge  into  the  residual  stand.  In  turn,  each 
transect  contained  4  plots,  milacre  (.0004  hectares)  in  size,  spaced  at  50-foot  (15- 
meter)  intervals.  Similar  sampling  methods  were  used  to  obtain  estimates  of  forage 
production  in  the  center  of  clearcuts,  but  those  data  were  analyzed  separately. 

Samples  were  gathered  from  September  1974  through  February  1975. 

The  current  year's  forage  within  milacre  plots  was  separated  by  species  and  put 
into  cloth  bags.  The  materials  were  oven-dried  at  70°  C  for  24  hours  and  weighed  to 
the  nearest  0.1  gram.  In  early  December  1974  and  late  February  1975,  representative 
samples  of  l/acclnlum  ovallfiollum  stem  were  collected  for  each  transect  and  in  the 
clearcut  opening,  ground  in  a  Wiley  mill  and  analyzed  for  total  nitroqen  using  auto¬ 
mated  micro-Kjel dahl  methods.  Nitrogen  levels  were  multiplied  by  the  factor  of  6.25 
and  expressed  as  percent  crude  protein  [Klein,  1963;  Abell  and  Gilbert,  1974]. 

Nitrogen  content  was  determined  for  samples  of  l/acclnlum  on  FI  and  F4  ecosystems. 

Total  crude  protein  per  unit  area  was  determined  by  multiplying  percent  crude  protein 
by  total  forage  dry  weight  per  unit  area.  Estimates  of  the  gain  or  loss  of  l/acclnlum 
protein  yield  as  influenced  by  the  size  and  shape  of  clearcut  areas  were  calculated 
using  a  formula  developed  from  this  data. 

Blue  huckleberry  (l/acclnlum  ovallfiollum)  is  the  most  important  and  common  winter 
browse  species  in  much  of  southeast  Alaska  [Merriam,  1971a,  1971b],  occurring  in  every 
mature  forested  ecosystem.  Three  other  species  of  l/acclnlum  (l/.  cacspttosum,  l/. 
alaskacnsls ,  and  \J .  pcoiv  1  fiollum)  occur  less  commonly,  but  are  also  browsed  when 
present.  The  current  year's  growth  of  all  4  species  was  collected  after  leaf  fall  and 
combined  for  total  forage  quantity  estimates.  The  current  year's  growth  is  the  most 
succulent  portion  of  the  dormant  plant  and  that  most  commonly  browsed. 


2/  Portions  of  central  southeast  Alaska  are  experiencing  an  extremely  low  deer  popu¬ 
lation  due  to  a  combination  of  natural  cycles  coupled  with  severe  winter  and  heavy 
wolf  predation.  This  condition  has  resulted  in  an  abundance  of  unbrowsed  forage 
plants  in  key  wintering  areas,  making  this  study  feasible. 
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Data  on  quantity  and  quality  of  l /acelnlum  ovaLLfioLLum  browse  were  analyzed  using 
an  analysis  of  variance  for  split-plots.  Homogeneity  of  variances  between  ecosystems 
was  tested.  Fixed,  main  effects  tested  were  ecosystems  (whole  plots)  and  edge  effect 
(sub-plots).  First-order  interaction  between  ecosystems  and  edge  effect  was  also 
tested.  Individual  comparisons  of  ecosystems  were  made  orthogonally  on  previously 
selected  groupings.  Four-plot  means  (average  for  4  plots  in  a  transect)  were  used  as 
individual  items  in  the  analyses. 


\ 

RzAuZtA  and  VdAcuAA'Lcm 


Forage  quayitotc/-- Homogeneity  of  variances  existed  between  ecosystems.  A  split- 
plot  analysis  of  variance  for  deer  forage  production  (kilograms  per  hectare  per  year) 
showed  differences  in  forage  production  at  the  4  distances  measured  from  the  stands' 
edge  were  large  and  statistically  significant  (P  =  0.001).  Orthogonal  contrasts 
showed  significant  differences  existing  between  FI  and  F4  ecosystems  (P  =  0.1). 
Particularly  important  is  the  significance  of  the  first-order  interaction  between 
ecosystem  and  edge  effects  (P  =  0.05). 

Figure  1  shows  the  quantity  of  [/acciindum  browse  produced  in  each  ecosystem  under 
the  influence  of  edge.  Production  of  browse  on  FI  and  F2  ecosystems,  although  very 
high  near  the  edge  of  a  residual  stand,  falls  off  rapidly  with  distance  into  a  stand. 

On  F4  ecosystems,  forage  production  is  much  less  enhanced  by  increased  light  at 
the  edge  and  decreased  more  slowly  inward.  This  is  probably  due  to  the  nature  of  the 
stand  structure.  The  FI  and  F2  ecosystems  have  stands  with  relatively  tight,  closed 
canopies  (closure  of  55  to  85  percent),  whereas,  the  F4  is  represented  by  canopy  clo¬ 
sures  of  only  35  to  65  percent.  Since  canoDies  are  relatively  open  on  F4  ecosystems, 
any  increase  in  light  received  from  adjacent  openings  will  not  have  as  pronounced  an 
effect  on  productivity  as  it  will  on  the  other  ecosystems. 

Absolute  values  presented  in  fig.  1  substantiate  earlier  findings  by  Stephens  and 
others  [1968]  that  productivity  levels  are  lower  on  F4s  than  FIs.  Four  browse  produc¬ 
tivity  curves  are  shown  in  fig.  1:  2  for  F4  ecosystems  and  1  each  for  FI  and  F2 
ecosystems.  Values  used  in  curves  for  FI,  F2  and  F4(a)  were  obtained  from  the  fixed 
sampling  design  described  in  this  paper.  Statistical  analyses  were  performed  on  these 
data  (tables  1  and  2).  Curve  F4(b)  represents  values  obtained  from  15  additional 
transects  on  F4  ecosystems  in  1973  and  1975.  This  curve  more  accurately  represents 
existing  conditions  in  the  field.  Restrictions  placed  on  sites  sampled  to  eliminate 
environmental  variables  that  could  not  be  tested  (for  example,  aspect,  slope,  etc.), 
reduced  the  distribution  and  variability  of  sites  that  could  be  sampled  on  F4  eco¬ 
systems  in  the  fixed  design. 

To  better  estimate  productivity,  therefore,  additional  transects  were  made  on  all 
ecosystems.  Only  the  values  for  F4s  were  appreciably  changed  (values  for  the  other 
ecosystems  varied  from  5  to  10  percent).  Statistically,  these  values  could  not  be 
accurately  tested.  However,  to  the  forest  manager  dealing  with  complex  environments, 
the  additional  values  are  likely  more  representati ve . 

Forage  qaatuty- -Quality  of  browse  varies  considerably  with  season  [Einarson 
1946a;  Dietz  and  others,  1962;  Abell  and  Gilbert,  1974;  Hickman,  1975].  In  our  study, 
samples  for  nutrient  analyses  were  collected  in  winter  and  early  spring  for  this  is 
the  period  when  deer  have  the  greatest  problems  in  obtaining  an  adequate  supply  of 
nutritious  food  in  northern  latitudes  [Brown,  1961].  Protein  content  of  most  browse 
species  is  lowest  at  this  time  of  year. 
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VACCINIUM  SPP  (Kg/ha/yr) 


DISTANCE  INTO  STAND  (feet) 

Figure  1.  Browse  productivity  (kg/ha/year)  on  three  soil  types 

as  influenced  by  distance  into  a  stand  (feet).  Curves 
for  FI,  F2  and  F4  (a)  ecosystems  represent  observed 
values  from  fixed  sampling  design  used  in  statistical 
analysis.  The  curve  for  F4  (b)  represents  observed 
values  from  15  additional  transects  through  F4  ecosys¬ 
tems  . 
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Table  1.  Split-plot  analysis  of  variance  for  i/accUnZum  ovaZl^oLiim  biomass  production 
of  3  ecosystems  in  southeast  Alaska 


Source  of 

Vari  at  ion 

Degrees  of 
Freedom 

Mean  Squares 

F  Values 

Coefficient 
of  Variation 

Ecosystem 

2 

13,091 

1.94  ns 

F2  vs  FI,  F4 

1 

1  ,792 

.27  ns 

FI  vs  F4 

1 

24,390 

3.62* 

Error  A 

15 

6,747 

Subtotal 

17 

Edge  Effect  3  46,936 

Ecosystem  x  Edge 

interaction  6  5,474 

Error  B  45  2,149 

Total  71 

8.57*** 

2.55** 

cJ-S 

LO 

*,  **,  ***  indicate  significance  at  the  0.1,  0.05  and 

0.001  levels. 

respecti vely . 

Table  2.  Split-plot  analysis  of  variance  of  protein  content  of  [/acc-iulum  ovaJUfioLium 
(percent  of  dry  weight)  sampled  in  December  on  two  ecosystems  in  southeast 
A1 aska 


Source  of 

Degrees  of 

Coefficient 

Vari ation 

Freedom 

Mean  Squares 

F  Values 

of  Variation 

Ecosystem 

1 

1  ,5.76 

11.67** 

Error  A 

6 

1  .35 

Subtotal 

7 

Edge  Effect 

Edge  Effect  x 

4 

1  ,0.49 

1 9 . 42** 

Ecosystem 

interaction 

4 

.54 

1.32  ns 

Error  B 

24 

.41 

Total 

39 

6% 

**,  ***  indicate  significance  at  the  0.025  and  0.001  levels,  respectively. 


Although  widely  used  as  an  indicator,  crude  protein  content  is  not  the  only 
measure  of  forage  quality.  Digestibility  and  cellulose  and  lignin  contents  may  become 
increasingly  important  at  low  (marginal)  protein  content  levels. 

An  analysis  of  variance  showed  that  crude  protein  content  of  l /accU/Umri  in  Decem¬ 
ber  varied  significantly  between  FI  and  F4  ecosystems  (P  =  0.025)  and  among  transects 
within  ecosystems  (P  =  0.001).  Similar  differences  were  observed  in  February  1975 
(ecosystems,  P  =  0.1,  transects,  P  =  0.05).  Average  crude  protein  contents  are  shown 
in  table  3. 

The  percent  protein  of  the  forage  has  been  shown  to  be  a  critical  factor  for  the 
maintenance  of  deer  [McEwen  and  others,  1967;  Ull rey  and  others,  1971].  Low  percen¬ 
tages  of  forage  protein  content  may  require  increased  periods  of  browsing  and  more 
extensive  winter  ranges.  Einarsen  [1946a]  hypothesized  that  black-tailed  deer  that 
would  normally  feed  for  7  to  10  hours  in  mid-summer,  could  not  have  maintained  the 
same  body  weight  in  January  even  with  14  hours  dedicated  to  feeding. 


Table  3.  Average  crude  protein  content  (percent)  of  1/accTniam  ovaLL^oLiujn  in  the  open 
and  at  4  distances  into  residual  stands  on  2  ecosystems  and  at  2  periods  of 
the  year  in  southeast  Alaska.  Values  are  averages  of  sample  size  =  16. 


Ecosystem 

Distance  into  residual 

stand 

in  feet 

Open 

0 

50 

100 

200 

FI  December 

7.6 

5.1 

6.4 

6.9 

8.4 

February 

6.5 

6.7 

6.6 

8.7 

F4  December 

8.5 

6.6 

7.4 

8.9 

9.2 

February 

6.2 

7.3 

8.1 

9.1 

A  preference  by  deer  for  the  more  nutritive  browse  has  been  demonstrated  by  Swift 
[1948];  however,  Longhurst  and  others  [1968]  found  the  relationship  between  nutritive 
content  and  palatability  was  not  always  a  positive  one.  Interestingly,  Cook  [1939] 
found  deer  preferred  shade-grown  sprouts  to  those  faster-growing  ones  produced  after 
cl  earcutting.  McEwen  and  others  [1957]  have  reported  that  white-tailed  deer  required 
7  to  9  percent  crude  protein  in  their  diets  to  maintain  health.  They  found  that  young 
deer  could  survive  on  a  year-round  diet  of  4.6  percent  protein;  however,  they  con¬ 
sidered  the  optimum  levels  of  protein  to  be  13  to  16  percent.  These  figures  are 
generally  accepted  by  others  for  white-tailed  and  black-tailed  deer,  although  Einarsen 
[1946a]  hypothesized  that  5  percent  protein  is  the  critical  low  level  for  maintenance 
of  health.  There  are  few  controlled  nutrition  studies  that  have  shown  yearly  average 
protein  levels  less  than  7  percent  to  be  sufficient  to  maintain  deer.  However,  since 
deer  in  southeast  Alaska  generally  have  an  abundance  of  high  quality  browse  (16  to  35 
percent  protein)  available  during  6  to  9  months  of  the  year  [Klein,  1957;  Merriam, 
1971],  a  lower  protein  level  during  winter  months  may  be  tolerable.  Our  data  show 
that  minimal  protein  requirements  are  apparently  met  during  critical  winter  months 
under  all  canopy  tested  on  FI  and  F4  soils,  with  the  most  nutritious  forage  being 
found  under  natural  forested  conditions  of  F4  ecosystems.  The  value  of  the  increased 
forage  biomass  at  the  edge  of  a  stand  is  partially  lost  due  to  the  lower  protein  con¬ 
tents  of  those  plants. 


108 


That  the  highest  protein  values  were  observed  under  mature  canopy  conditions  is 
significant  and  contrary  to  the  findings  of  many  previous  investigators.  Einarsen 
[1946a]  reported  that  forage  growing  in  clearcuts  was  more  nutritious  than  that  under 
the  canopy,  but  his  values  were  for  areas  that  had  been  recently  burned.  Brown  [1961] 
reported  some  findings  similar  to  ours.  He  found  protein  values  for  huckleberry 
(l ioLc.CsLvu.um)  under  mature  forest  conditions  higher  in  two  instances  than  values  from 
areas  cut  20  years  prior  to  sampling  and,  in  one  case,  than  values  from  the  open 
clearcut.  The  authors  cannot  clearly  explain  why  higher  protein  contents  occur  in 
vegetation  growing  under  mature  canopy  conditions.  Increased  competition  with  over¬ 
story  and  subordinate  vegetation  for  limited  nitrogen  resources,  as  well  as  dilution 
effect  from  more  rapid  growth  of  these  plants  being  exposed  to  light,  may  be  specu¬ 
lated  as  the  cause  of  lower  protein  values  at  the  edge  of  the  stand. 

Some  support  for  the  hypothesis  of  a  dilution  effect  may  be  seen  in  table  3. 
Vegetative  samples  taken  on  F4  ecosystems  consistently  contained  a  greater  percentage 
of  crude  protein  than  did  the  faster-growing,  more  succulent  FI  samples.  Stephens  and 
others  [1968]  have  shown  that  FI  soil  ecosystems  have  considerably  higher  nitrogen 
levels  and  site  indices  for  Sitka  spruce  than  F4  ecosystems.  This  is  supported  by  the 
total  crude  protein  values  (kilograms  per  hectare  per  year)  calculated  in  table  4  for 
browse  on  the  two  ecosystems.  The  less  nutritious  browse  on  FI  ecosystems,  under 
influence  of  edge,  was  so  abundant  that  absolute  protein  quantities  per  unit  area  were 
considerably  higher  in  the  open  and  first  50  feet  of  edge  than  on  F4  ecosystems. 
However,  under  mature  stand  conditions  where  browse  production  was  more  nearly  the 
same,  protein  yields  were  greater  on  F4  ecosystems. 


Table  4.  Estimated  crude  protein  (kilograms  per  hectare  per  year)  contained  in 

[/cLcdniun i  ovaJU.fao-U.um  browse  in  December  on  2  ecosystems  in  southeast  Alaska 


Ecosystem 


Distance  into  residual  stand  in  feet 


Open 

0 

50 

100 

200 

FI 

37.8 

11.7 

7.8 

5.2 

3.0 

F4— / 

23.3 

9.7 

7.7 

6.4 

5.1 

1/  Based  on  curve  F4(b)  in  fig.  1. 


It  follows,  therefore,  that  if  the  large  quantities  of  Uaccinium  at  the  edges  of 
residual  stands  on  FI  ecosystems  remain  available  during  the  critical  winter  months 
(are  not  buried  by  snow  accumulation),  carrying  capacities  of  these  ecosystems  may 
lend  themselves  to  manipulation  through  judiciously  controlled  clearcutting  procedures. 
Maintenance  of  the  stand  character  beyond  ±  20  years  is  dependent  upon  subsequent 
silvicultural  treatments  (that  is,  thinning,  selective  cutting,  fertilizing). 
Conversely,  the  high  quality  habitat  (food  plus  cover)  found  on  F4  ecosystems  appar¬ 
ently  cannot  be  realistically  improved  through  stand  manipulation.  This  is  determined 
in  table  5  which  was  constructed  based  on  data  from  this  study.  This  table  assesses 
the  impact  of  clearcut  size  and  shape  on  available  Vaccinium  biomass  of  these 
ecosystems,  assuming  winter  snowpack  prohibits  use  of  the  actual  clearcut  area,  but 
not  the  edge  areas. 


Table  5.  Estimated  annual  production  and  removal  of  protein  (from  Uaccinium  spp.)  in 
kilograms  per  hectare  per  year  on  FI  and  F4  ecosystems  as  influenced  by  size 
and  shape  of  clearcut  unit 


Area 

(hectares ) 

Shape 

(a) 

Produced  (b) 

FI  F4 

Kilograms  Protein 
Removed  (c) 

FI  F4 

Gain  or  Loss 

FI  F4 

2.0 

Square 

10.4 

6.3 

5.6 

9.0 

4.5 

-2.7 

2.0 

Rectangl  e 

11.2 

7.2 

5.6 

9.0 

5.4 

-1 .8 

4.0 

Square 

14.8 

9.0 

11.2 

18.0 

3.2 

-9.0 

4.0 

Rectangl e 

16.6 

10.4 

11.2 

18.0 

5.4 

-7.6 

8.1 

Square 

20.7 

12.6 

22.5 

36.4 

-1  .8 

-23.8 

8.1 

Rectangl e 

22.5 

14.0 

22.5 

36.4 

0 

-22.5 

20.2 

Square 

32.4 

20.2 

56.7 

90.9 

-24.3 

-70.6 

20.2 

Rectangle 

36.0 

22.0 

56.7 

90.9 

-20.7 

-68.8 

40.5 

Square 

45.9 

28.4 

113.4 

182.2 

-67.5 

-153.9 

40.5 

Rectangl e 

50.4 

31.5 

113.4 

182.2 

-63.0 

-150.8 

(a)  Rectangle  dimensions  were  obtained  using  i 

i  ratio  for  sides  of  2.4: 

1.0. 

(b)  Average 

values  for  protein  were 

obtained  by  adding 

observed  values 

at  distances 

0,  50,  and  100  feet  into  the  stand  and  dividino  by 

3. 

The  values 

1 isted  above 

represent  effect  of  edge,  based 

on  curves 

FI  and  F4(b) 

,  fig. 

1 . 

(c)  Values  of  protein  yield 

observed 

at  200  feet  into  * 

the 

stand  were  used  to  deter- 

mine  quantities  that  would  be  removed  if  c 

i  mature  : 

stand  were 

cut. 

By  knowing  (a)  size  of  the  clearcut  unit,  (b)  soil  ecosystem(s)  involved  and  (c) 
perimeter  of  the  unit,  the  theoretical  impact  (gain  or  loss  of  protein)  of  any  harvest 
unit  can  be  calculated.  Based  on  the  data  from  this  study,  the  crude  protein  produced 
by  edge  around  artificial  openings  can  be  calculated  by  the  following: 


FI  soils:  Protein  produced  (kilograms)  =  0.0180  x  unit  perimeter 
in  meters. 

F4  soils:  Protein  produced  (kilograms)  =  0.0113  x  unit  perimeter 
in  meters. 

Since  the  clearcut  unit  removed  a  portion  of  existing  winter  habitat,  an  allowance 
must  be  made.  This  loss  can  be  calculated  by  the  following: 

FI  soils:  Kilograms  protein  removed  =  2.8  x  unit  size  in  hectares. 

F4  soils:  Kilograms  protein  removed  =  4.5  x  unit  size  in  hectares. 

The  difference  between  protein  removed  and  protein  gained  represents  the  change  in 

1/accUnx.m  biomass. 


no 


SummaALj  and  AppLLccution 


The  data  presented  in  this  paper  indicate  that  the  following  conditions  exist  at 
least  in  the  central  portions  of  southeast  Alaska: 

1.  The  productivity  of  browse  species  ( parti cul arly  Va.acsLvu.um  spp.) 
responds  positively  to  increased  light  in  residual  stands  adjacent 
to  artificial  openings. 

2.  Growth  response  to  increased  light  is  much  greater  on  FI  and 
closely  allied  F2  ecosystems  than  on  F4  ecosystems. 

3.  The  average  percent  crude  protein  content  of  the  principal  browse 
species,  VaccUiUum  ovaLL^otium,  is  consistently  greater  on  F4 
ecosystems  than  on  FI . 

4.  If  5  percent  crude  protein  content  is  to  be  considered  a  minimum 
level  to  maintain  black-tailed  deer  that  have  access  to  abundant, 
high  quality  summer  browse,  then  adequate  nutrition  levels  exist 
on  FI  and  F4  ecosystems  under  all  stand  conditions  tested. 

Timber  harvest  and  deer  management  can,  and  should,  be  compatible  forest  manage¬ 
ment  objectives.  In  southeast  Alaska,  where  winter  conditions  can  be  very  harsh,  it 
is  believed  that  cutting  in  lowland  winter  concentration  areas  may  actually  result  in 
a  net  decrease  of  substantially  nutritive  deer  browse  [Klein,  in  Meehan,  1974]. 
Pending  further  investigations,  primarily  directed  at  assessing  the  energy  require¬ 
ments  of  black-tailed  deer  in  southeast  Alaska  under  stress  conditions,  the  avail¬ 
ability  of  forage  located  in  edge  situations  (that  is,  obliteration  of  edge  by  snow- 
pack)  and  the  relative  importance  of  protein  content  as  opposed  to  cover  and  other 
food  value  indices  (fat  content,  digestibility,  etc.),  the  following  suggestions  are 
made  with  regard  to  harvest  of  climax  stands  in  southeast  Alaska  where  deer  popula¬ 
tions  are  of  concern: 

A.  Timber  harvest  should  be  concentrated  at  elevations  above  key  deer  winter 
concentration  areas.  This  will  preserve  existing  critical  winter  forage 
and  greatly  increase  late  fall  and  early  summer  forage.  Only  where  suf¬ 
ficiently  large  areas  of  FI  ecosystems  are  present  to  allow  habitat 
improvement,  should  stand  manipulation  be  considered.  As  Meehan  [1974] 
stated,  management  should  aim  at  forage  availability  somewhere  between 
that  of  a  mild  and  severe  winter. 

B.  If  timber  is  to  be  removed  within  1  mile  (1.6  kilometers)  of  the  beach 
line  or  below  500  feet  (150  meters)  elevation  in  key  deer  wintering 
areas,  F4  ecosystems  or  F14  and  F24  complexes  should  generally  be  given 
preference  as  optimal  deer  habitat.  Accordingly,  harvest  should  be  con¬ 
centrated  on  FI  ecosystems,  utilizing  small  (preferably  less  than  8 
hectares)  i rregul arly-shaped  openings  with  multiple  entry  to  maintain 
edge  until  other  silvicultural  treatments  can  be  tested  to  maintain  ade¬ 
quate  browse  conditions  beneath  second-growth  stands. 


ill 
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U.S.  Plywood-Champion  Papers,  Inc.  was  awarded  the  Juneau  Unit  Timber  Sale  by 
the  U.S.  Forest  Service  in  February,  1968.  The  contract  called  for  the  construction 
of  a  mill  complex  which  could  process  the  8.7  billion  board  feet  of  timber  that  would 
be  harvested  by  the  company  over  the  following  50  years.  Almost  immediately,  the 
company  organized  a  team  of  7  university  ecologists  to  provide  advice  on  how  to  mini¬ 
mize  environmental  damage  which  might  arise  from  the  Company's  activities. 

These  advisors  soon  concluded  that  they  required  more  detailed  ecological  infor¬ 
mation  than  was  currently  available  for  the  sale  area  if  they  were  to  be  effective. 

The  company  obliged  by  funding  several  field  projects  including  surveys  of  marine, 
freshwater  and  terrestrial  ecosystems.  I  was  hired  by  the  advisory  team  in  June, 

1970  to  work  and  interact  with  company  foresters  who  were  beginning  to  formulate  de¬ 
tailed  cutting  plans  for  the  initial  operating  areas.  The  object  was  for  me  to  pro¬ 
vide  immediate,  on-the-ground  advice  on  the  short-  and  long-term  consequences  of  log¬ 
ging  practices  on  wildlife,  and  to  act  as  an  observer  for  the  advisory  team. 

My  program  did  not  proceed  as  planned,  however.  By  the  time  I  arrived  in  Juneau 
the  Company  had  halted  all  field  operations  indefi ni tely--the  Sierra  Club,  which  ques¬ 
tioned  the  legality  of  the  Juneau  Unit  Sale,  had  filed  a  suit  against  the  Forest 
Service.  Consequently,  it  was  determined  that  I  should  reorient  my  program  to  provide 
a  comprehensive  report  to  the  advisory  team  on  the  implications  of  the  timber  sale  for 
wildlife.  Recommendations  for  minimizing  adverse  impacts  and  for  enhancing  important 
wildlife  resources  were  to  be  included  [Leopold  and  Barrett,  1972]. 

Lacking  the  expected  logistical  support  by  the  Company,  my  travels  were  limited 
to  trips  provided  by  a  variety  of  groups,  particularly  the  U.S.  Forest  Service,  the 
Alaska  Department  of  Fish  and  Game,  and  the  U.S.  Fish  and  Wildlife  Service.  I  deter¬ 
mined  that,  given  these  constraints,  I  should  make  1)  a  brief  aerial  reconnaissance  of 
the  entire  sale  area,  2)  an  extensive  foot  survey  of  all  initial  operating  areas,  and 
3)  an  intensive  survey  of  all  terrestrial  vertebrates  in  a  single  drainage  within  the 
initial  operating  area.  Upon  completion  of  field  work  in  July,  1971  a  report  was 
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prepared  and  eventually  submitted  to  U.S.  Plywood-Champion  Papers  [Leopold  and  Barrett, 
1972].  The  Company  subsequently  asked  the  Forest  Service  to  break  the  timber  sale 
contract.  This  concluded  the  third  attempt  by  the  Forest  Service  to  offer  a 
large-scale,  long-term  timber  sale  in  the  northern  third  of  southeastern  Alaska. 

This  paper  focuses  on  the  intensive  survey  of  a  4,726-acre  drainage  in  South  Arm, 
Hood  Bay,  Admiralty  Island,  with  an  emphasis  on  relationships  between  timber  and  Sitka 
black-tailed  deer  (0doco.t£ea4  ke,mlonuu>  6iXke,n6'U>) .  Although  the  Sitka  deer  is  an 
important  member  of  the  wildlife  community,  it  was  only  1  of  many  species  surveyed  in 
the  drainage.  The  project  may  best  be  described  as  a  preliminary  trial  of  a  method 
for  surveying  terrestrial  vertebrates  rather  than  a  detailed  analysis  of  Sitka  deer 
ecology. 


LiX&icutmiz  Re.vlm 


After  reviewing  the  literature  on  Sitka  deer  ecology  available  in  1970  [Cowan, 
1956;  Klein  and  Olson,  1960;  Klein,  1965;  Merriam,  1970;  Perensovich,  1970],  as  well 
as  the  considerable  literature  on  deer  in  North  America  [see,  for  example,  Edwards, 
1956;  Taylor,  1956;  Laramie  and  Dole,  1957;  Brown,  1961;  Taber,  1961;  Pengelly,  1963; 
Dasmann,  1969;  Loveless,  1964;  Verme,  1965;  McCaffery  and  Creed,  1969;  McGinnes, 

1969;  Gilbert  and  others,  1970;  Telfer,  1970]  several  points  emerged.  Foremost,  the 
timber  sale  area  lies  at  the  northern  edge  of  the  mule  deer/bl ack-tai 1 ed  deer's  range. 
The  environmental  factor  most  likely  limiting  the  northern  distribution  of  deer  is 
snow  depth.  Several  studies  have  indicated  the  importance  of  winter  cover,  primarily 
in  the  form  of  dense  evergreen  timber,  for  minimizing  heat  loss  and,  more  important, 
for  moderating  snow  coverage  of  deer  forage  [Ozoga,  1968;  Telfer,  1970;  Moen,  1973]. 

A  second  point  was  that  predators,  particularly  the  wolf,  could  be  a  significant  influ¬ 
ence  on  deer  populations  [Merriam,  1964],  Thirdly,  variation  of  snowfall  in  time  and 
space  was  an  important  disruptive  factor,  periodically  triggering  major  die  offs, 
especially  in  areas  lacking  predators  [Klein  and  Olson,  I960]. 

Based  on  these  points,  I  hypothesized  that  on  Admiralty  Island,  where  there  were 
no  significant  predators  of  deer,  the  availability  of  browse  (l /acclnlim  spp.)  during 
the  winter  was  the  critical  factor  influencing  deer  distribution  and  abundance. 

Browse  availability  was,  presumably,  influenced  primarily  by  1)  soils,  2)  light, 

3)  snow  depth,  and  4)  past  utilization.  Timber  stand  density,  particularly  canopy 
cover,  influences  both  light  and  snow  levels,  and  logging  certainly  modifies  the 
timber  stand.  These  relationships  are  not  necessarily  simple  linear  ones  however;  and 
whether  or  not  logging  would  favor  deer  in  the  sale  area  was  not  immediately  clear. 


F Wonk 


WinZeA  £Aa.di  4uAuet/4--When  I  arrived  in  Juneau  I  was  repeatedly  told  that  during 
deep  snow  conditions  deer  were  forced  down  to  the  beaches.  As  the  winter  of  1970-71 
was  relatively  severe,  I  attempted  to  document  this  pattern  by  counting  the  number  of 
deer  tracks  per  eighth-mile  transect  per  day  since  the  last  snowfall  (maximum  8  days). 
Personnel  from  the  U.S.  Forest  Service  and  the  Alaska  Department  of  Fish  and  Game 
assisted  me  in  checking  over  30  miles  of  transects  between  February  19  and  April  5, 
1971.  All  transects  were  walked  by  two  persons  about  100  yards  apart,  each  making 
separate  tallies  of  tracks. 
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Two  results  are  worth  mentioning.  First,  the  correlation  of  paired  transects  was 
statistically  insignificant;  by  shifting  only  100  yards  one  could  obtain  a  very  dif¬ 
ferent  picture  of  deer  distribution  and  abundance.  This  suggested  that  deer  in  a 
climax  hemlock-spruce  forest  may  be  responding  to  a  rather  fine-grain  habitat  mosaic. 
Second,  although  it  is  true  much  deer  sign  was  close  to  saltwater,  I  found  deer  using 
areas  with  snow  depths  of  less  than  24  inches  as  far  as  3  miles  inland.  This  suggests 
that  snow  depth  is  the  critical  factor,  although  it  is  strongly  correlated  with  ele¬ 
vation  and  distance  to  saltwater. 

While  I  was  working  in  the  South  Arm  of  Hood  Bay  in  midwinter,  I  took  the  oppor¬ 
tunity  to  follow  the  fresh  tracks  of  several  deer  along  their  daily  travel  routes.  A 
crude  mapping  of  these  routes  indicated  that  with  snow  depths  of  12-24  inches  deer  were 
moving  within  a  daily  home  range  area  of  less  than  40  acres.  It  would  be  important  to 
consider  at  least  this  degree  of  resolution  when  assessing  the  consequences  of  logging 
plans  on  deer  winter  range. 

Spatng  peXJLzt  gaoup  4j/ive.y--By  May,  1971  I  had  concluded  that  track  surveys  could 
provide  a  very  crude  assessment  of  deer  distribution  and  abundance  for  a  short  period 
when  snow  conditions  were  appropriate.  However,  the  data  returned  did  not  seem  worth 
the  considerable  cost  expended  to  obtain  it.  I  decided,  consequently,  to  systemati¬ 
cally  survey  one  entire  drainage  by  counting  accumulated  deer  pellet  groups  (and  other 
animal  sign)  after  snow  melt  but  prior  to  much  plant  growth  (May  28  to  June  15,  1971). 
Thirty  man-days,  involving  two  persons,  were  expended  to  sample  0.33  percent  of  that 
portion  of  the  South  Arm,  Hood  Bay  creek  drainage  below  1,500  feet  elevation.  This 
corresponds  roughly  to  the  timbered  portion  of  the  drainage,  and,  to  the  transitional 
and  winter  deer  range  in  the  watershed. 

Counts  of  accumulated  deer  pellet  groups  were  made  on  112  belt  transects  (5  x  660 
feet  =  0.0765  acres)  and  124  circular  plots  (11.7  feet  radius  =  0.01  acres).  Plots 
and  transects  were  laid  out  systematically  along  east-west  section  lines  and  at 
1 /4-mile  intervals  inbetween.  A  circular  plot  was  located  every  1 /8-mile  by  pacing 
along  the  transect  (fig.  1).  Several  variables  were  recorded  for  each  plot  location 
(table  1).  The  objective  was  to  substantiate  the  relative  value  of  several  environ¬ 
mental  factors,  including  timber  stand  density  and  [/aactntum  density,  for  predicting 
deer  use.  A  preliminary  analysis  consisting  of  a  series  of  simple,  single-factor 
regressions  was  presented  by  Leopold  and  Barrett  [1972], 

lnade.quacA.eA  o{)  the  data-- One  major  flaw  and  several  lesser  problems  exist  in  the 
data  collected.  I  was  not  able  to  accurately  assess  browse  availability  as  affected 
by  snow  cover  because  the  snow  was  gone  by  May.  However,  to  accurately  count  pellet 
groups,  I  had  to  wait  for  the  snow  to  melt.  The  only  solution  to  this  dilemma  would 
have  been  to  make  multiple  visits  to  permanently  marked  plots.  There  was  not  suf¬ 
ficient  time  for  this  degree  of  effort  during  the  study.  Thus,  the  hypothetically 
most  important  variable  was  not  measured  directly. 

I  had  no  information  on  the  length  of  time  over  which  pellet  groups  persist  and 
accumulate,  nor  on  differential  weathering  between  sites.  Papers  by  Bunnell  and  Fisch, 
respectively,  in  these  proceedings,  discuss  this  subject.  They  suggest  that  the  great 
majority  of  the  pellet  groups  were  deposited  during  the  preceding  winter. 

The  0.01-acre  sample  area  was  too  small  to  provide  pellet  group  counts  approxi¬ 
mating  a  normal  distribution.  It  would  be  preferable  to  use  clusters  of  plots  at  each 
sample  site  such  as  those  used  by  Will  ms  [1971:36].  Based  on  the  frequency  distri¬ 
bution  of  my  data,  I  would  recommend  a  cluster  of  20-40  circular  10-square-meter  plots 
(radius  178  centimeters). 


Figu/in  7--Geographi cal  location  of  deer  winter  range  sample  plots  in  the  South  Arm, 

Hood  Bay  creek  drainage,  and  the  number  of  accumulated  deer  pellet  groups  at  each  plot. 
[Plot*  with  ouca  night  pnJLlnt  groups  (top  10  peticznt)  a Ae  ci^iclnd.  Vashnd  linns  out- 
ling  thn.  SLumnti  a angn  .  ] 
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Table  1.  Habitat  variables  measured  on  124  sample  plots  in  the  South  Arm,  Hood  Bay 
creek  drainage 


Variable 

Measurement 

Plant  Species  Present 

Trees  on  0.1  acre  plot  Herbs 

on  0.001  acre  plot 

[Hulten,  1968] 

Hemlock 

Cotinu, 6 

Spruce 

RubuA 

Cedar 

CoptZi, 

A1  der 

Ly&Zc.luXon 

Shrubs  on  0.01  acre  plot 

TZoaqULcl 

i/accscnZum 

SVizptopuA 

McnzTeaTa 

Movies  u> 

Oplopanax 

Ferns 

Rxbex, 

Li verworts 

Proximity  to  Saltwater 

Map  distance  in  0.1  miles 

Elevation 

Feet  above  sea  level,  pocket  altimeter 

SI  ope 

Percent,  pocket  clinometer 

Radiation  Index 

Calculated  from  latitude,  asoect 

and  slope 

[Frank  and  Lee,  1966] 

Spruce  Density 

Trees  >  6  inches  DBH/0.1  acres 

Hemlock  Density 

Trees  >  6  inches  DBH/0.1  acres 

VaccUnium  Density 

Stems/0.01  acres 

Menz Density 

Stems/0.01  acres 

OpZ.opa.nax 

Stems/0.01  acres 

Spruce  Basal  Area 

Square  feet/acre,  40  BAF  prism 

Hemlock  Basal  Area 

Square  feet/acre,  40  BAF  prism 

Total  Basal  Area 

Square  feet/acre,  40  BAF  prism 

Gross  Timber  Volume 

MBF/acre  Scribner  Scale 

l Jaccinium  Height 

Inches,  tape  measure 

Pellet  Group  Density 

Number/0.01  acres 
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Finally,  some  of  the  habitat  variables  were  measured  on  plots  of  variable  area. 

It  would  be  preferable  to  sample  equal  areas  for  all  variables  or,  at  least,  subsample 
a  standard  area  with  an  appropriate  subsampling  scheme.  I  suggest  that  a  standard 
sample  area  of  50  x  50  meters  (164  x  164  feet)  or  0.25  hectares  (0.1  acres)--!. 5  per¬ 
cent  of  a  16-hectare  (40-acre)  deer  home  range--would  be  appropriate  for  the  analysis 
of  habitat  preference.  Such  plots  should  be  located  on  the  Universal  Transverse 
Mercator  Grid  [Strahler,  1960:59]. 

Eitanatlng  dtzA  dzmdty-- Based  on  a  mean  of  23  accumulated  pellet  groups  for  112 
belt  transects,  I  calculated  a  range  of  possible  deer  densities  for  varying  defecation 
rates  and  pellet  accumulation  periods  (table  2).  Based  on  a  general  impression  of  the 
degree  of  weathering  of  pellet  groups  counted,  I  guessed  that  over  1/2  of  the  accumu¬ 
lation  was  deposited  during  the  past  winter  season.  Assuming  a  defecation  rate  of  13 
pellet  groups  per  day  [Neff,  1968]  and  an  accumulation  period  of  240  days  (allocated 
over  2-3  winters)  the  transect  data  provide  an  estimate  of  62  deer  per  square  mile  of 
winter  range  with  95  percent  confidence  bounds  of  t  15  percent,  or  53-75  deer  per 
square  mile.  A  similar  analysis  using  the  124  circular  plots  provides  roughly  similar 
results  (table  3);  but  in  this  case,  the  confidence  bounds  are  questionable  due  to  the 
skewed  distribution  of  the  pellet  group  data. 


Table  2.  Density  of  deer  per  square  mile  of  South  Arm,  Hood  Bay  creek  winter  range 

based  on  a  mean  of  23  accumulated  pellet  groups  per  5-  x  660-foot  belt  tran¬ 
sect  and  varying  defecation  rates  and  accumulation  periods. 


Accumul at i on 
Period,  Days 

Defecati on 

Rate , 

Pel  1 et 

Groups 

Per  Day 

10 

11 

12 

13 

14 

15 

16 

r~ 

17 

18 

120 

162 

148 

135 

125 

116 

108 

102 

96 

90 

150 

130 

118 

108 

100 

93 

87 

81 

76 

72 

180 

108 

98 

90 

83 

77 

72 

68 

64 

60 

210 

93 

84 

77 

71 

66 

62 

58 

55 

52 

240 

81 

74 

68 

62 

58 

54 

57 

48 

45 

300 

65 

59 

54 

50 

46 

43 

41 

38 

36 

360 

54 

49 

45 

42 

39 

36 

34 

32 

30 

420 

46 

42 

39 

36 

33 

31 

29 

27 

26 

480 

41 

37 

34 

31 

29 

27 

25 

24 

23 

540 

36 

33 

30 

28 

26 

24 

23 

21 

20 

630 

31 

29 

26 

24 

22 

21 

19 

18 

17 

720 

27 

25 

23 

21 

19 

18 

17 

16 

15 
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Table  3.  Density  estimates  for  Sitka  deer  on  climax  spruce-hemlock  winter  range  below 
1,500  feet  elevation  in  South  Arm,  Hood  Bay  creek  drainage.  Estimates 
assume  a  defecation  rate  of  13  pellet  groups  per  day  and  an  accumulation 
period  of  240  days. 


0.01-acre  circular  plots 

0.0765-acre  belt  transects 

Sample  Size 

124 

112 

Mean  Pellet  Groups 

per  Plot/Transect 

2.685 

23.00 

Standard  Error 

0.348 

1.758 

Deer  Density  per 

square  mile 

55 

62 

95%  Confidence  Range 

41-69  (+25%) 

53-73  (115%) 

Deer  Population  on 

2,947-acre  Range 

189-318 

244-332 

If  the  sample  plots  are  segregated  by  elevation  the  data  indicate  a  preference  by 
deer  for  winter  range  between  200  and  700  feet  above  sea  level  (table  4).  The  total 
deer  populations  indicated  in  table  4  are  probably  more  accurate  than  those  in  table  3 
because  it  was  impossible  to  reach  all  sample  plots  allocated  to  the  700-1500-foot 
range.  Stratification  adjusts  the  estimates  for  this  bias. 


Table  4.  Deer  distribution  in  winter  stratified  by  elevation  for  the  South  Arm,  Hood 
Bay  creek  drainage.  Estimates  are  based  on  pellet  group  data.  Assumptions 
include  a  defecation  rate  of  13  pellet  groups  per  day  and  pellet  accumulation 
period  of  240  days. 


Deer  populat 

ion  based  on: 

Preference 

index— ^  from: 

El evati on , 
feet 

Acres 

Square 
mi  1  es 

Percent 

0. 1 -acre 
pi  ots 

0.0765-acre 

transects 

pi  ots 

transects 

0-200 

918 

1.43 

19.4 

56 

82 

-.07 

+  .02 

201-700 

956 

1.49 

20.2 

133 

134 

+  .33 

+  .24 

701-1 ,500 

1  ,074 

1.68 

22.7 

20 

37 

-.53 

-.43 

Total  winter 

range  2,947 

4.61 

62.3 

209 

253 

Total 

drainage 

4,726 

7.39 

]_/  Ivlev's  preference  index  [Petrides,  1975] 
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Population  estimates  of  209  to  253  deer  convert  to  densities  of  45  to  55  deer  per 
square  mile  of  climax  hemlock-spruce  forest.  Even  1/2  of  this  density  is  certainly 
higher  than  is  generally  credited  to  climax  conifer  forests  [Brown,  1961;  Will  ms, 

1971] .  The  South  Arm,  Hood  Bay  creek  drainage  may  be  an  unusual  case,  but  these  re¬ 
sults  suggest  that  truly  uneven-aged  climax  forests  may  provide  for  a  higher  density 
of  deer  than  has  generally  been  realized. 

Analyzing  habitat  -  Hood  Bay  deer  apparently  prefer  to  winter  at  ele¬ 

vations  between  200  and  700  feet.  Since  essentially  the  entire  winter  range  in  this 
drainage  would  be  classified  as  "Climax  Forest"  by  Taylor  [1932]  or  "Coastal  Forest" 
by  Palmer  [1942]  or  "Hemlock  -  Spruce  Forest"  by  Hutchison  [1967],  I  attempted  a  more 
refined  classification  of  the  124  sample  plots  on  the  basis  of  presence  of  plant 
species.  I  also  classified  the  plots  by  soil  type  as  mapped  by  Billings  and  Bishop 
[1971]. 

Using  only  those  plant  species  with  a  total  frequency  of  occurrence  over  5  percent 
(17  species),  I  carried  out  a  numerical  classification  of  the  124  sample  plots.  This 
was  done  using  programs  MULTBET,  GROUPER,  GOWER,  G0WEC0R  and  TWOWAY  on  the  Commonwealth 
Scientific  and  Industrial  Research  Organization's  CYBER  7600  computer  in  Canberra, 
Australia.  This  is  an  aggl omerati ve  (polythetic) ,  hierarchical  classification  using 
the  Simple  Matching  Coefficient  for  a  resemblance  function  [Williams,  1971].  Classifi¬ 
cation  was  limited  to  6  groups  (vegetative  types)  (fig.  2). 

Vegetation  types  1  through  4  differed  primarily  in  proportions  of  plant  components 
and  differed  relatively  little  in  terms  of  the  other  variables  recorded  (table  1). 

Type  5  was  relatively  distinct,  occurring  on  moist  sites  supporting  a  large  volume  of 
spruce  and  dense  stands  of  devilsclub.  Type  6  was  a  miscellaneous  group  composed  of 
plots  falling  in  timber  approaching  muskeg  sites  or  plots  at  high  elevations  in  or 
adjacent  to  avalanche  areas. 

Deer  showed  some  preference  for  vegetation  types  3,  4  and  2  in  that  order  (table 
5).  An  analysis  of  pellet  group  distributions  for  each  type  indicated  that  at  the 
scale  sampled,  deer  are  distributed  contagiously  (high  variance-mean  ratio  [Duncan, 

1972] )  in  all  types,  but  the  pellet  group  frequencies  conform  best  to  the  negative 
binomial  distribution  in  all  types  but  5  and  6,  which  conform  best  to  the  binomial 
poisson  distributions,  respectively  (table  5). 

By  locating  the  sample  plots  on  the  soils  map  produced  for  the  Hood  Bay  region  by 
Billings  and  Bishop  [1971]  I  was  able  to  allocate  each  plot  to  a  soil  mapping  unit. 
Pellet  groups  were  found  on  some  plots  in  all  13  soil  mapping  units  in  the  drainage. 

The  pellet  group  data  and  the  precision  of  the  soil  type  map  are  inadequate  for  a  de¬ 
tailed  analysis  of  a  deer  preference  for  soil  types.  However,  it  appears  that  deer 
sign  is  more  abundant  on  the  following  soil  mapping  units: 

1)  F24,  Tol stoi-Woewodski  complex,  sloping, 

2)  B,  Shakan  very  stony  loam, 

3)  FI 2 ,  Tol stoi-Kupreanof  complex,  sloping, 

4)  Fl_,  Kupreanof  very  gravelly  loam,  steep,  and 

5)  FI,  Kupreanof  very  gravelly  loam,  sloping. 

Table  6  illustrates  a  relatively  unsuccessful  attempt  to  relate  the  6  vegetation 
types  I  constructed  to  the  13  soil  mapping  units  in  the  Hood  Bay  creek  drainage.  The 
lack  of  clear  relationships  is  probably  due  to  mapping  soil  complexes  rather  than 
individual  Series,  and  to  the  crude  nature  of  my  vegetation  classification.  I  suspect 
the  relationships  would  become  much  clearer  with  more  data  from  additional  sites, 
including  ground  determinations  of  specific  soil  Series.  I  was  not  equipped  to  do 
this  in  my  survey. 
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Figure  2.  The  pattern  of  plant  species  present  on  124  sample  plots 
(0.001  to  0.1  ac)  distributed  systematical ly  over  the 
South  Hood  Bay  Creek  drainage.  Horizontal  axes  indicate 
number  of  plots  in  each  type;  dark  blocks  indicate  the 
presence  of  plant  specis  on  each  plot.  The  plots  were 
divided  into  6  vegetative  types  and  the  plant  species 
into  5  groups  by  a  numerical  taxonomic  procedure.  See 
text  for  details. 
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Table  5. 


Deer  preference  for,  and  disperson  pattern  in,  6  vegetation  types  defined  by 
the  presence  of  17  plant  species.  Availability  of  each  type  was  estimated 
by  the  frequency  of  each  type  in  a  systematic  sample  of  the  South  Arm,  Hood 


Bay  creek  winter 
pellet  groups  in 

range.  Utilization 
each  type. 

was  estimated  by  the 

accumul ation 

of 

Item 

Vegetation  Type 

1 

2 

3 

4 

5 

6 

Sample  plots 

28 

26 

28 

19 

14 

9 

Avail abil ity 

.226 

.210 

.226 

.153 

.113 

.072 

Util ization 

.217 

.223 

.310 

.187 

.048 

.015 

Ivlev's  preference  index 
[Petrides,  1975] 

-.02 

+  .03 

+  .16 

+  .10 

-.40 

-.66 

Mean  pellet  groups  per 
plot 

2.571 

2.885 

3.679 

3.263 

1.143 

0.556 

Variance 

18.62 

12.27 

26.37 

10.54 

1.516 

0.528 

Disperson  index 
[Duncan,  1972] 

+  .60 

+  .49 

+  .52 

+  .41 

+  .61 

+  .05 

Negative  binomial  k 
[Bliss,  1953] 

0.367 

0.742 

-.948 

0.948 

Deer  density  per  square 
mile* 

53 

59 

75 

67 

23 

11 

*Estimate  assumes  a  defecation  rate  of  13  pellet  groups  per  day  and  a  240-day  accumu¬ 

lation  period  (that  is,  20.5  deer  per  square  mile  for  each  pellet  group  per  0.01-acre 
pi ot) . 


123 


Table  6.  Correspondence  of  USFS  soil  type  classification  for  southeast  Alaska  and  6 
vegetation  types  defined  by  presence  of  17  plant  species.  Correspondence  is 
indicated  by  the  percentage  of  plots  within  each  vegetation  type  for  each 
soil  type.  Deer  use  is  quantified  by  the  mean  number  of  accumulated  pellet 
groups  per  0.01-acre  plot. 


Soil 

Types 

Veaetati on 

Types 

Deer  Use 
(Range) 

1 

2 

3 

4 

5 

6 

FI 

29 

14 

29 

14 

14 

0 

3.0  (0-7) 

F£ 

25 

0 

33 

25 

17 

0 

3.2  (0-11) 

FIX 

12 

12 

16 

16 

36 

8 

2.6  (0-10) 

F2R 

38 

23 

8 

15 

8 

8 

1.1  (0-5) 

F4R 

50 

0 

50 

0 

0 

0 

0.5  (0-1) 

F5 

0 

6 7 

0 

33 

0 

0 

1.7  (0-3) 

F6 

100 

0 

0 

0 

0 

0 

0.1  (0-1) 

FI  2 

30 

20 

30 

17 

0 

0 

3.8  (0-21) 

FI  4 

0 

33 

50 

17 

0 

0 

2.3  (0-10) 

F24 

25 

75 

0 

0 

0 

0 

5.0  (0-13) 

£24 

0 

37 

13 

13 

0 

37 

0.5  (0-2) 

Mf5 

13 

26 

25 

13 

0 

13 

2.0  (0-6) 

B 

50 

0 

0 

0 

0 

50 

4.3  (0-17) 

Deer  Use 

2.6 

2.9 

3.7 

3.3 

1.1 

0.6 

2.7  (0-21) 

(Range) 

(0-17) 

(0-12) 

(0-21) 

(0-11) 

(0-3) 

(0-2) 

CoHAdLojtLng,  dioji  u-se  u)ltk  habitat  vaAtableA—l  have  shown  that  deer  prefer  certain 
elevations  and  soi 1 -vegetation  types.  However,  since  it  was  impossible  to  measure 
directly  the  habitat  variable  which  I  hypothesized  was  the  critical  one  influencing 
this  selectivity,  that  is,  V acctntum  availability,  I  am  limited  to  assessing  the 
degree  of  correlation  between  those  habitat  characteri sti cs  I  could  measure  (table  1) 
and  deer  sign  density.  Although  inadequate  to  explain  patterns  of  deer  habitat 
preference,  some  of  these  variables  are  easily  measured  and  may  be  of  value  in  mapping 
critical  deer  winter  ranges. 
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I  attempted  to  use  multiple  regression  analysis.  This  work  was  done  with  various 
programs  on  several  computers.  Numerous  models  with  various  combinations  of  indepen¬ 
dent  variables  and  many  different  transformations  (including  a  ln(x  +  1)  transfor¬ 
mation  of  the  dependent  variable  to  normalize  its  distribution  and  homogenize  residual 
variation)  provided  me  with  the  following  inconclusive  results.  Simple  correlation 
coefficients  were  highest  between  deer  use  and  1)  hemlock  basal  area  (r  =  .281)  and 
2)  1/accx.nxLom  density  (r  =  .183).  VacclrUum  density  or  l iac.cJ.wiim  volume  (density  x 
height)  and  hemlock  volume  oj^  hemlock  basal  area  were  always  significant  main  effects. 
However,  they  were  always  confounded;  that  is,  there  was  always  a  significant  browse  x 
timber  interaction.  Thus,  it  was  impossible  to  determine  which  factor  was  the  most 
critical  [Gilbert,  1973].  No  other  habitat  variables  were  significant  once  browse  and 
timber  and  their  interaction  were  accounted  for  except  for  elevation  and  distance  to 
saltwater,  which  were  also  confounded  with  each  other. 

In  a  case  such  as  this,  where  rigorous  statistical  inference  is  impossible  because 
the  data  do  not  meet  the  assumptions  of  the  statistical  model,  one  can  resort  to  less 
rigorous  models  to  obtain  novel  views  of  the  data  set  in  hopes  of  visualizing  new 
hypotheses.  These  may  subsequently  be  tested  with  appropriate  experiments.  The 
availability  of  advanced  multivariate  analysis  programs  (for  example,  see  Goldstein 
and  Grigal  [1972],  Gauch  and  Dripps  [1973],  Orloci  [1975],  Nie  and  others  [1975],  Finn 
[1977])  and  large  computers  now  make  it  feasible  to  contemplate  analyzing  large  quan¬ 
tities  of  multivariate  data,  even  if  the  sole  purpose  is  to  generate  hypotheses  rather 
than  prove  cause  and  effect  relationships. 

I  suggest  that  these  developments  should  be  utilized  by  field  biologists  making 
routine  surveys.  It  is  not  much  more  time  consuming,  once  appropriate  data  forms  and 
standardized  field  procedures  are  worked  out,  to  gather  multiple  observations  from  a 
series  of  appropriately-located  sample  plots  than  it  is  to  make  a  ground  reconnaissance 
of  an  area.  Simply  getting  to  the  site  is  generally  the  most  costly  operation.  Over 
the  years  such  multivariate  data  can  develop  into  a  considerable  resource  useful  for 
constructing  testable  hypotheses  for  researchers  if  not  for  making  sound  predictions 
directly.  Such  a  data  bank  would  be  especially  valuable  if  data  on  other  animals  were 
included  in  addition  to  deer. 

I  will  illustrate  the  use  of  discriminant  function  analysis,  just  one  type  of 
multivariate  analysis,  to  look  for  deer-habitat  relationships.  Another  multivariate 
strategy,  not  yet  used  with  this  data,  is  a  combination  of  principal  component  analy¬ 
sis  and  multiple  regression  analysis.  This  was  used  by  Hirst  [1975]  to  assess 
ungulate-habitat  relationships  in  South  Africa.  My  analyses  were  made  with  the  SPSS 
programs  [Nie  and  others,  1975]  on  the  CDC  6400  computer  at  the  University  of 
California,  Berkeley. 

One  purpose  of  a  discriminant  function  is  to  provide  a  means  of  objectively  segre¬ 
gating  samples  into  2  or  more  predetermined  categories,  based  on  values  for  2  or  more 
numerical  variables  recorded  for  each  sample.  The  analysis  provides  a  set  of  stan¬ 
dardized  discriminant  function  coefficients  (1  for  each  numerical  variable)  for  each 
discriminant  function.  If  there  are  n  predetermined  categories  then  there  can  be  no 
more  than  n  -  1  functions  [Nie  and  others,  1975].  Of  interest  here  is  that  the  absol¬ 
ute  magnitude  of  the  standardized  discriminant  function  coefficients  indicate  the 
relative  importance  of  each  (habitat)  variable  in  discriminating  between  the  predeter¬ 
mined  categories.  In  this  case  the  categories  are:  1)  no  deer  use,  2)  light  deer  use, 
and  3)  heavy  deer  use.  The  results  of  such  an  analysis  can  be  visualized  with  a  plot 
of  individual  sample  scores  on  axes  defined  by  the  first  two  discriminant  functions. 

The  distance  between  group  centroids  relative  to  the  within-group  dispersion  of  sample 
scores  illustrates  the  discriminative  power  of  the  functions. 

I  made  many  analyses  using  different  combinations  of  habitat  variables  transformed 
in  various  ways.  The  results  of  1  of  these  are  presented  in  table  7  and  fig.  3.  Only 
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Table  7.  Standardized  discriminant  function  coefficients  for  12  Sitka  deer  winter 

range  variables  used  to  distinguish  between  degrees  of  deer  use  as  indicated 
by  accumulated  pellet  groups. 


Habi tat 

Variable 

Transformation 

Standardized 
Function  1 

Coeffi cients 

Function  2* 

Uaccuinlum  density 

x  +  1 

-1.34468 

-0.34727 

Spruce  basal  area 

x  +  1 

-0.79786 

+1.72912 

Hemlock  basal  area 

x  +  1 

-0.57975 

+0.09913 

Uacclyu.um  height 

+0.57477 

+0.16751 

Oplopanax.  density 

In  (x  +  1) 

-0.54853 

-0.20670 

Timber  basal  area 

x  +  1 

+0.54622 

-1 .40811 

Mcnz-icAxa  density 

In  (x  +  1) 

-0.46086 

-0.45532 

Distance  to  saltwater 

+0.41600 

-0.42646 

Spruce  density 

In  (x  +  1) 

+0.32824 

-0.59348 

Hemlock  density 

-0.28467 

+0.18998 

Shrub  density 

x  +  1 

+0.27598 

+0.40002 

Percent  slope 

Arcsine  x 

+0.18359 

+0.16976 

*The  second  function  provides 

no  significant  additional 

discrimination 

power  to  the 

first  function. 


the  first  discriminant  function  of  the  2  possible  with  3  categories  of  deer  use  pro¬ 
vided  a  significant  degree  of  discrimination  (84  percent  of  the  total  discrimination 
possible  with  the  12  habitat  variables  included).  Only  57  percent  of  the  samples 
could  be  correctly  classified  as  to  degree  of  deer  use. 

Of  greater  interest  are  the  standardized  discriminant  function  coefficients  for 
the  habitat  variables  (table  7).  Only  absolute  values  are  important,  the  sign  of  the 
relationship  to  deer  use  must  be  determined  by  inspecting  the  original  data.  Thus,  in 
this  example,  the  habitat  variables  most  useful  for  distinguishing  hiqh  levels  of  deer 
use  were:  1)  high  VaccsLnium  density,  2)  low  spruce  basal  area,  and  3)  high  hemlock 
basal  area.  Note  that  high  VaccAnium  density  without  low  spruce  and  high  hemlock  basal 
area  is  insufficient  to  indicate  good  deer  habitat. 

I  have  attempted  1  additional  analytical  strategy  which  produced  interesting 
results.  I  carried  out  a  discriminant  function  analysis  with  vegetation  types  1 
through  5  as  predetermined  categories,  and  all  the  habitat  variables  other  than  plant 
species  presence  (used  to  develop  the  vegetation  types)  as  independent  variables. 

Four  discriminant  functions  were  calculated  and  these  were  capable  of  classifying  62 
percent  of  115  sample  plots  to  their  correct  vegetation  type  using  14  habitat 
vari abl es . 
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-1.37 


.  37 


2.12 


high  voccinium  density  low  voccinium  density 

low  spruce  bosol  orea  high  spruce  bosol  areo 

high  hemlock  bosol  oreo  low  hemlock  bosal  area 


V-iQujm  3 —  PI ot  of  discriminant  score  1  (horizontal)  versus  score  2  (vertical)  for  115 
sample  plots  (vegetation  types  1  through  5)  grouped  by  degree  of  deer  use  (  1  =  cen¬ 
troid  for  zero,  2  =  centroid  for  1-7,  and  3  =  centroid  for  8-21  pellet  groups 

per  0.01  ac  plot). 
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Then  I  used  multiple  regression  analysis  to  determine  if  there  was  any  relation 
between  deer  use  (pellet  group  accumulation)  and  the  discriminant  scores  (1  through  4) 
calculated  for  each  plot.  Only  function  3  was  significantly  related  to  deer  use 
(r  =  .291).  I  then  reviewed  the  standardized  discriminant  function  coefficients  for 
function  3  to  determine  which  habitat  variables  were  most  important  in  characterizing 
that  function.  Function  3  represents  a  gradient  of  high  \Jac.clwium  density  to  high 
devilsclub  ( Oplopanax )  density  (table  8).  Checking  back  to  the  original  data  one  can 
determine  that  high  deer  use  is  positively  correlated  with  Vacclnlum  density  and  nega¬ 
tively  correlated  with  devilsclub  density.  Thus,  in  all  analytical  strategies 
attempted,  although  none  are  conclusive,  all  indicate  that  i/accUyUum  abundance  is  cor¬ 
related  with  high  deer  use.  In  some  analyses  hemlock  cover,  elevation  or  distance  to 
saltwater  were  also  important.  All  these  factors  are  confounded,  with  many  significant 
interactions,  and,  all  of  them  are  related  in  a  complex  way  to  the  availability  of  pre¬ 
ferred  browse  where  there  is  significant  snow  cover  during  the  winter. 


Table  8.  Standardized  discriminant  function  coefficients  for  14  habitat  variables  used 
to  distinguish  between  5  vegetation  types  classified  by  the  presence  of  17 
plant  species  in  the  South  Arm,  Hood  Bay  creek  drainage.  Note  that  deer  use 
was  significantly  correlated  only  with  function  3  although  it  accounted  for 
only  8  percent  of  the  discriminative  power  provided  by  all  4  functions 
cal cul ated . 


Standardized  Coefficient 


Habitat  Variable 

Transformati  on 

Function  : 

Vac.CsLYLLum  density 

x  +  1 

+2.06938 

Oplopanax  density 

In  (x  +  1) 

+0.97010 

Shrub  density 

x  +  1 

-0.63789 

Timber  basal  area 

x  +  1 

-0.63491 

[lac.cA.nlum  height 

-0.59410 

Spruce  density 

In  (x  +  1 ) 

+0.48655 

Hemlock  basal  area 

x  +  1 

+0.47675 

Spruce  basal  area 

x  +  1 

+0.39528 

Distance  to  saltwater 

-0.38643 

Elevation 

In  (x  +  1 ) 

+0.26251 

Wmzloj^-ia  density 

In  (x  +  1 ) 

-0.24850 

Hemlock  density 

-0.13321 

Gross  timber  volume 

X 

+0.08302 

Percent  slope 

Arcsine  x 

-0.04293 

1  28 


VsLACUAA'LOn 


My  purpose  here  is  not  to  provide  conclusive  information  on  Sitka  deer-habitat 
relationships.  It  was  impossible  at  the  time  to  directly  measure  the  relationship 
between  deer  use  and  avajjLabiZity  of  preferred  browse,  which  I  hypothesized  is  the 
most  critical  factor  determining  the  distribution  and  abundance  of  deer  on  their 
winter  range.  Rather,  my  goal  has  been  to  suggest  that  field  biologists  now  have  the 
opportunity,  due  to  the  availability  of  large  computers  and  multivariate  analytical 
methods,  to  quantify  their  observations  made  during  field  reconnaissances. 

Previously,  much  data  was  not  collected  because  it  was  unlikely  that  anyone  could  make 
use  of  it.  I  suggest  field  surveys  should  now  involve  more  quantification  of 
observations.  Moreover,  these  observations  should  be  collected  in  a  standardized 
manner,  and  with  some  thought  to  appropriate  sampling  systems.  Such  data  accumulated 
over  time  can  be  expected  to  provide  useful  hypotheses  for  experimental  research.  In 
addition,  such  efforts  would  be  especially  valuable  if  data  on  the  abundance  of 
animals  other  than  deer  were  also  collected  simultaneously.  Some  species  may  be  in¬ 
fluenced  by  competitors  and  predators  as  much  as  by  habitat  variables.  For  example, 
deer  distribution  on  the  southeastern  Alaska  mainland  may  be  strongly  influenced  by 
wolf  distribution. 

The  data  and  the  analyses  I  have  presented  all  lend  support  to,  but  do  not 
confirm,  my  hypothesis  that  deer  distribution  during  the  winter  is  determined  primar¬ 
ily  by  the  availability  of  preferred  browse,  which  is  in  turn  influenced  strongly  by 
snow  depth.  Climax  conifer  forests  are  generally  considered  poor  habitat  for  deer. 

My  data  suggest  that  this  generalization  needs  some  qualification.  The  old-growth, 
uneven-aged  stands  of  hemlock  and  spruce  in  the  South  Arm,  Hood  Bay  creek  drainage 
are  apparently  supporting  a  surprisingly  high  density  of  Sitka  deer  through  the  winter 
months.  These  deer  do  not  concentrate  only  along  the  beaches,,  but  rather  prefer  ele¬ 
vations  of  200-700  feet,  and  stands  of  moderately  high  timber  volume,  particularly 
hemlock  stands  with  understories  of  l lac-dnlim.  The  continuing  cycle  of  regeneration 
and  death  of  individual  trees  in  these  climax  stands  provides  a  fine-grain  mosaic  of 
available  food  and  cover  which  may  be  optimum  for  the  maintenance  of  Sitka  deer  popu¬ 
lations  near  the  northern  limit  of  their  range. 
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Jntno  dilation 


Wil dl i fe-forestry  discussion  in  the  province  of  British  Columbia  has  tradition¬ 
ally  centered  around  moose-spruce,  elk  and  burning.  There  is  little  published  mate¬ 
rial  discussing  the  wildlife  resource  of  the  coastal  forests  or  their  dependence  on 
coastal  bi ogeocl imati c  zones  of  British  Columbia. 


Several  features  of  Vancouver  Island  (Region  1)  make  it  unique  in  the .ecological 
planning  process.  The  timber  resource  per  unit  area  is  the  most  valuable  in  Canada. 
The  forests  of  Vancouver  Island  produce  about  20  percent  of  the  timber  volume  in 
British  Columbia  and  about  10  percent  of  that  of  Canada.  The  coastal  Douglas-fir 
biogeocl imati c  zone  is  undoubtedly  the  most  productive  zone  in  Canada  when  fibre,  fish 
and  wildlife  are  considered.  The  black-tailed  deer  harvest  from  the  Island  contri¬ 
butes  30-45  percent  of  the  total  deer  harvest  (all  species)  in  British  Columbia  (table 
1).  Specifically,  the  Nimpkish  River  Valley  provides  about  12  percent  of  the  total 
deer  harvest  in  British  Columbia  from  a  land  base  which  comprises  only  0.2  percent  of 
the  total  deer  range.  Productivity  of  the  forest  resource  has  expressed  itself 
through  total  commitment  of  the  forest  land  base.  Tenure  type  is  regulated  for 
si ngl e-resource  use  and  is  so  restrictive  that  wildlife  management  and  planning  are 
being  curtailed.  The  economic  and  social  value  of  the  forest  resource  is  extremely 
important  to  the  people  of  British  Columbia  and  the  winter  range  requirements  of 
black-tailed  deer  in  the  interior  of  the  Island  are  so  critical  that  direct  conilicts 
are  inevitable. 
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Table  1.  Relationship  of  the  area  contributing  to  the  deer  harvest  on  Vancouver 
Island  to  that  of  the  Province 


Vancouver  Island 

Nimpkish  River 

Time  period 

1964-1974 

1972-1974 

Black-tailed  deer 
harvest 

23,000 

3,000 

Percent  of  total  deer 
range  in  British 

Col umbi a 

4 

.2 

Percent  of  total  deer 
harvest  in  British 

Col umbi a 

30-45 

11-12 

Study  Afina. 


According  to  the  landform  classification  [Holland,  1964],  Vancouver  Island, 
except  for  a  narrow  strip  of  lowland  along  the  eastern  and  northern  coasts,  is  inclu¬ 
ded  within  the  Vancouver  Island  Mountains  of  the  Insular  Mountains.  The  lowland 
areas,  including  the  Nanaimo  Lowland  and  the  Nahwitti  Lowland,  are  parts  of  the 
Coastal  Trough  and  lie  below  2,000  feet  elevation,  their  boundary  with  the  mountains 
being  drawn  along  the  line  of  the  2,000-foot  contour.  In  fact,  that  portion  of  the 
Lowland  area  that  can  be  effectively  utilized  by  black-tailed  deer,  without  snow  as  a 
major  influence,  lies  below  1,000  feet  elevation  and  often  below  500  feet  elevation. 

Vancouver  Island  is  largely  composed  of  3  biogeocl imatic  zones;  the  coastal 
western  hemlock,  the  coastal  Douglas-fir,  and  the  mountain  hemlock  zones  [Krajina, 
1965].  Recently,  the  coastal  hemlock  and  Douglas-fir  zones  have  been  divided  into  wet 
and  dry  subzones.  The  coastal  Douglas-fir  zone  comprises  the  low-lying  areas  of  the 
east-central  and  southeast  portions  of  Vancouver  Island.  The  coastal  western  hemlock 
zone  comprises  the  remainder,  except  where  the  mountain  hemlock  zone  occurs  at  higher 
elevations.  The  ecology  and  survival  of  black-tailed  deer  is  directly  related  to  the 
annual  snowfall  of  each  zone.  The  Douglas-fir  zone  receives  14-42  inches  on  an  annual 
basis;  the  coastal  western  hemlock  zone  receives  5-295  inches;  and,  the  mountain  hem¬ 
lock  zone  receives  110-800  inches  on  an  annual  basis. 


Tnnufin  VtAtAsibution 


Many  of  the  problems  surrounding  forestry-wi 1 dl i fe  interactions  on  Vancouver 
Island  result  from  the  amount  and  distribution  of  the  various  tenures.  Within  British 
Columbia  approximately  95  percent  of  the  provincial  forest  land  is  public  land  and  is 
theoretically  managed  under  a  sustained-yield  concept,  incorporati ng  integrated  land 
use  where  possible.  However,  much  of  the  remaining  5  percent,  which  is  privately 
owned,  is  located  on  Vancouver  Island  and  is  managed  almost  strictly  for  timber  har¬ 
vest  pruposes.  Thus,  almost  30  percent  of  Vancouver  Island  is  privately  owned  (fig.  1). 
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F iguAt  /--A  description  of  the  Forest  Tenure  of  Vancouver  Island.  For  explanation  of 


An  additional  50-60  percent  of  the  land  base  is  managed  under  Tree  Farm  License  (TFL) 
contract  between  the  government  and  industry.  Within  the  province,  the  greatest  num¬ 
ber  of  TFL  holders  occurs  on  Vancouver  Island.  In  addition,  the  Forest  Act,  or  forest 
resource  policy,  supports  and  directs  management  of  the  majority  of  the  coastal  forests 
for  single-use  extraction.  However,  a  new  Forest  Act,  the  result  of  a  Royal  Commission 
and  Forest  Policy  Advisory  Committee  recommendations,  is  presently  under  consideration 
by  the  Provincial  Cabinet  and  is  expected  to  be  legislated  this  summer.  This  Act,  with 
accompanying  regulations,  may  reflect  improvements  in  the  integration  of  forest 
resource  management. 

The  present  situation  has  placed  the  Fish  and  Wildlife  Branch  in  the  position  of 
allocating  or  doling  out  a  rapidly  diminishing  resource,  with  no  management  control  of 
the  land  base  or  habitat  which  sustains  the  resource.  According  to  fig.  2,  the  Dis¬ 
trict  Forester  of  the  British  Columbia  Forest  Service  has  more  control  (6  points  of  a 
possible  10)  over  the  black-tailed  deer  resource  than  does  the  Regional  Wildlife  Biol¬ 
ogist  (2  points  of  a  possible  10). 


(iUZdLifae.-Fosi&!>tAy  Planning 


An  effective  planning  process  which  can  provide  for  the  long-term  retention  of 
critical  black-tailed  deer  winter  ranges  must  include: 

A.  a  comprehensive  description  of  the  wildlife  resource  and  its 
seasonal  requirements ; 

B.  the  interaction  between  resource  agencies  with  identification 
of  conflicts  and  problems; 

C.  changes  in  the  single-use  policies  originally  developed  for 
single-use  management;  and 

D.  boundaries  within  which  integrated  management  can  function 
(tenure;  only  briefly  mentioned). 

A.  (JiJlldJU{)<z  fieAou/ice.  H.zqiuAzmznti,- -Certain  of  the  wi  1  dl  i fe-forestry  conflicts 
arise  from  an  improper  understanding  of  the  habitat-deer  relationships  which  exist 
throughout  Vancouver  Island  and  the  winter  habitat  requirements  of  the  central  Island 
deer  population.  Early  biological  studies  in  Washington  [Brown,  1961;  Dasmann  and 
Hines,  1959]  and  on  southern  Vancouver  Island  [Cowan,  1945]  suggested  that  logging 
provides  benefits  (mainly  food  production)  which,  otherwise,  were  supposedly  unavail¬ 
able  to  deer  populations  in  mature  forests.  Cowan  [1945]  provided  figures  which  sug¬ 
gested  that  one  deer  per  square  mile  inhabited  the  mature  forests  of  southwest 
Vancouver  Island,  that  20  deer  per  square  mile  inhabited  logged  portions  of  southeast 
Vancouver  Island,  and,  up  to  30  deer  per  square  mile  inhabited  logged  areas  further 
north  in  the  Cowichan  Valley.  This  preliminary  information  from  Washington  and 
British  Columbia  was  used  to  formulate  the  lower  curve  in  fig.  3  and  produced  the 
idea  that  logging  provides  tremendous  benefits  to  black-tailed  deer.  This  idea  per¬ 
sisted  for  over  25  years  in  the  minds  of  many  biologists,  most  foresters  (because 
they  had  little  other  information  to  rely  on),  the  logging  industry,  and,  the  general 
publ i c . 

The  lower  curve  (fig.  3)  depicts  a  population  which  is  low  (1  to  5  deer  per 
square  mile)  prior  to  logging  (mature  forest),  increases  dramatically  during  logging 
(30-100  deer  per  square  mile),  and  which  declines  to  original  levels  upon  completion 
of  the  20-year  food  producing  successional  stage  [Gates,  1968]  and  regeneration  of  the 
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FiguAz  2--Management  control  of  the  wildlife  resource  of  Vancouver  Island 
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-Estimation  of  population  levels  in  mature  forest  and  population 
changes  due  to  timber  harvest  practices 


second-growth  forests.  Traditional  thinking  of  this  type  contributed  little  argument 
against  the  large  clearcuts  (5-15  square  miles)  which  developed  on  Vancouver  Island, 
nor  for  the  retention  of  mature  forests  as  deer  winter  range  in  areas  of  high  snowfall. 

Information  gathered  since  1972  indicates  that  deer  densities  in  mature  forests 
could  range  from  25-60  deer  per  square  mile  on  a  watershed  basis  (table  2)  on  the  east 
coast  and  the  central  and  northern  portion  of  Vancouver  Island.  Similarly,  specific 
winter  ranges  in  unlogged  watersheds  have  known  densities  [Smith  and  Davies,  1975]  of 
75-150  deer  per  square  mile.  By  comparison,  densities  on  selected  south  slope  areas 
(winter  ranges)  in  the  Cowichan  Valley  [Hanna  and  Foucher,  1974]  range  from  5-10  deer 
per  square  mile  in  second-growth  forests  ranging  from  20-75  years  of  age.  Similarly, 
Davies  [personal  communication]  found  deer  densities  of  10-20  deer  per  square  mile  on 
select  south  slope  areas  in  the  Cowichan  Valley,  after  3  mild  winters.  This 
information,  based  on  comparative  pellet  group  transect  methodology  was  used  to  con¬ 
struct  the  upper  curve  in  fig.  3.  It  indicates  that  logging  can  produce  a  de i ini  be 
NET  LOSS  to  black-tailed  deer  populations  which  could  reach  80-90  peAzznt  if  the 
decline  is  measured  between  winter  ranges  in  second-growth  versus  mature  forests.  It 
substantiates  the  statement  [John  W.  Schoen,  personal  communication]  that  optimal 
black-tailed  deer  winter  habitat  in  snowbelt  areas  may  be  a  NON-RENEWABLE  resource  if 
timber  harvest  proceeds  in  its  present  form. 

The  myth  that  all  logging  increased  deer  populations  was  further  supported  by  an 
increase  in  the  visibility  of  many  populations,  forced  to  forage  in  slash  and  early 
second-growth  regeneration  and  to  winter  in  ever-decreasing  blocks  of  mature  timber 
winter  range.  It  appears  that  deer  populations  declined  in  response  to  the  period  of 
logging  in  any  particular  watershed  (fig.  4),  but  that  density  increased  for  a  portion 
of  that  time,  increasing  visibility  and  harvest  success. 

It  is  quite  likely  that  Cowan's  [1945]  figures  of  30  deer  per  square  mile  under¬ 
estimated  the  concentrated  population  due  to  logging.  However,  it  would  be  dependent 
on  stage  of  logging  at  the  time  and  may  reflect  the  state  of  population  decline  and 
change~in  density  with  time  (fig.  4  showing  eventual  decline  in  density).  It  is  pos¬ 
sible  and  likely  that  deer  populations  in  the  mature  Douglas-fir  forests  of  the  east 
coast  of  Vancouver  Island  reached  50-75  deer  per  square  mile  on  a. watershed  basis  and 
could  have  attained  levels  of  75-200  deer  per  square  mile  on  specific  mature  timbered 
winter  ranges  for  a  short  time,  due  to  the  population  concentrating  effects  of 
logging.  For  example,  while' Cowan  [1  945]  suggested  deer  densities  of  20-30  deer  per 
square  mile  in  Management  Unit  1-2  (fig.  5)  on  southern  Vancouver  Island,  the  harvest 
density  (deer  harvested  per  square  mile)  in  this  area  reached  9-10  deer  per  square 
mile  (table  3).  If  the  harvest  density  is  10  percent  of  the  population,  the  popu¬ 
lation  could  have  reached  100  deer  per  square  mile. 

Harvest  statistics  produced  by  the  hunter  sample  and  hunter  checks  support  the 
deer-habitat  relationships  established  to  date.  The  harvest  statistics  information  is 
currently  collected,  analyzed,  and  interpreted  according  to  management  unit  boundaries 
as  shown  in  fig.  5.  In  fact,  since  1975  the  information  has  been  handled  on  a  subunit 

or  watershed  basis.  Approximately  225  subunits  comprise  the  13  management  units. 
Accordingly,  deer  harvests  in  the  heavily  logged  portion  of  southern  Vancouver  Island 
(table  3)  (Management  Units  1-1  through  1-8)  have  declined  50  percent  overall  (figs. 

6  and  7)  and  up  to  75  percent ‘(table  4)  in  specific  watersheds,  during  the  period 
1964-1974. 

Currently,  northern  Vancouver  Island  (Management  Units  1-9  through  1-13)  is  fol¬ 
lowing  (7-15  year  lag)  the  trend  of  southern  Vancouver  Island  (fig.  8).  Deer  harvests 
have  increased  on  the  northern  part  of  the  Island  due  to  improved  access,  human  popu¬ 
lation  increase,  and  the  availability  of  heretofore  unexploited  deer  populations.  The 
advent  of  extensive  timber  harvest  operations  produced  declines  in  deer  harvest  in 
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1-14 


Ecgu/ie  5--A  description  of  the  management  unit  boundaries  and  locations 
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Figu/ie.  6-- The  approximate  deer  harvest  trend  for  southern  Vancouver  Island 
deer  populations 
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ESTIMATED  DEER  HARVEST 


YEAR 

VIqivlz  7--The  approximate  deer  harvest  for  south-central  Vancouver  Island  deer 

populations 
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ESTIMATED  DEER  HARVEST 


F-iguAz  S--The  approximate  deer  harvest  trend  for  northern  Vancouver  Island  deer 

popul ations 
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Table  2.  Estimated  deer  densities  on  Vancouver  Island  watersheds  surveyed  1972  to 
1977 


Watershed 

Year 

Areal/ 

Amount 

logged, 

percent 

Mean  Del  let 

groups 

Deer  years  [ 
square  mile: 

ier  Sample 
size 

•  2/ 

per  strip— 

2/ 

per  plot— 

Muchal at 

Ri  ver 

1976 

INT 

15 

12.9 

1.07 

63. 1 

281 

Power  River 

1977 

WC 

0.1 

10.56 

.88 

52 

579 

Charlotte 

Study 

9.2 

45 

Schoen  Lake 

1974 

INT 

10 

9.1 

0.77 

45 

140 

Me me k ay 

1974 

I  NT- EC 

8.0 

0.67 

39.2 

Klootchl  immis 

Ri  ver 

1976 

WC 

ni  1 

6.8 

0.57 

34 

330 

White  River 

1974 

EC 

10 

6.7 

0.56 

33 

722 

Tsi ti ka 

Ri  ver 

1973 

EC 

nil 

6.0 

0.49 

29 

1661 

Tsiti ka 

Ri  ver 

1974 

EC 

ni  1 

5.0 

0.43 

25 

2046 

Kopri  no 

Ri  ver 

1975 

WC 

nil 

4.8 

0.40 

24 

1  35 

Schoen  Lake 

1974 

INT 

ni  1 

4.0 

0.34 

20 

108 

White  River 

1972 

EC 

nil 

3.9 

0.34 

20 

678 

Tahsish 

Ri  ver 

1973 

WC 

ni  1 

3.7 

0.31 

18 

700 

Ni  snak 

Creek 

1974 

INT 

nil 

3.6 

0.31 

18 

270 

K1  askish 

Ri  ver 

1974 

NWC 

nil 

3.5 

0.29 

17 

426 

Stranby 

Ri  ver 

1974 

NC 

10 

3.1 

0.26 

1  5 

884 

Megin  River 

1974 

SWC 

ni  1 

<1.0 

<0.09 

5 

533 

Toquart 

Ri  ver 

1972 

SWC 

ni  1 

<1.0 

<0.09 

5 

125 

Nahmint 

Ri  ver 

1974 

SWC 

nil 

<1  .0 

<0.09 

5 

600 

1/  INT  =  interior, 

WC  =  west 

coast , 

EC  =  east  coast 

,  NC  =  north 

coast,  NWC 

=  northwest 

’  1  .  .  .  w  w  .  .  w  .  3  ■  ■  —  '  “ 

coast,  SWC  =  southwest  coast. 

2/  Strips  are  6x146,  and  6x200  foot  belts;  plots  are  100  square  foot  circles 

3]  Based  on  13  pellet  groups  per  deer  per  day. 
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Table  3.  Harvest 

density  by  management  unit 

(M.U.)  on  Vancouver 

Island 

Harvest 

M.  U. 

Area 

1 962-1 96  4—^ 

1973-1974 

square  miles 

- deer  per  square  mile - 

1-1 

265 

5.66 

2.9 

1-2 

343.3 

9.24 

5.33 

1-4 

567.3 

5.24 

3.3 

1-5 

913.5 

3.7 

2.0 

1-6 

983.5 

3.2 

1.5 

1-7 

863.3 

2.6 

.85 

1-3 

996 

1  .7 

.47 

1-8 

1 ,158 

.02 

.09 

1-9 

770.5 

3.15 

1.7 

1-10 

1 ,180.5 

2.10 

1-11 

736 

5.0 

]_/  Approximate  harvest  peak. 


Table  4.  The  change  in  total  deer  harvest  on  two  logged  watersheds  on  southern 
Vancouver  Island;  data  from  gate  access  records. 


Period 


Northwest  Bay  Nanaimo  Lakes 


annual  average  harvest 


1960-1963 

521 

423 

1970-1973 

145 

1974-1975 

150 

Percent  change 

72 

66 

146 


certain  management  units  during  1972-1974.  However,  harvests  have  been  sustained  and 
the  populations  have  had  a  stay  of  execution  in  1975-1977  due  to  a  series  of  extremely 
mild  winters.  It  can  be  predicted  that  the  next  moderate  to  severe  winter  will  pro¬ 
duce  drastic  declines  in  harvest  success  and  black-tailed  deer  populations  in  general, 
on  the  northern  part  of  the  Island. 

Declines  in  deer  harvest  and  population  size  are  closely  correlated  with  dense 
second-growth  forests  regenerating  upon  original  mature  timbered  deer  ranges.  Recent 
work  has  indicated  that  availability  of  arboreal  lichen  is  approximately  25  times 
greater  and  ground  story  vegetation  is  2  to  3  times  greater  on  mature  timbered  winter 
range  than  in  second-growth  forests  20-110  years  of  age  (main  examination  in  the 
Douglas-fir  zone)  [W.  Kale,  University  of  British  Columbia,  personal  communication]. 

In  the  upper  elevation  areas  of  Vancouver  Island,  mature  timber  and  associated 
concentrations  of  arboreal  lichen  (Al2.cX.0sUa  spp.)  are  essential  to  survival  for 
wintering  black-tailed  deer.  According  to  Bunnell  [1979],  arboreal  lichen  was  the 
second  most  common  constituent  of  the  diet  for  deer  collected  in  the  timber,  winter 
1 i tterfal  1  of  lichen  is  approximately  equal  to.  the  production  of  rooted  forage,  and, 
the  major  constituent  of  the  lichen  li tterfal  1  has  an  In  viX/10  digestibility  of  75-90 
percent. 

Examination  of  available  black-tailed  deer  information  from  Vancouver  Island  indi¬ 
cates  that  deer  populations  inhabiting  the  coastal  plain  (fig.  9)  areas  of  low-snowfall 
and  low-elevation  respond  positively  to  planned  timber  harvest  operations  [Hebert, 
1976],  similar  to  deer  populations  in  Washington  and  Oregon.  However,  the  majority  of 
Vancouver  Island  black-tailed  deer  populations  inhabit  mountainous  terrain,  affected  by 
extremes  in  winter  climate,  and  require  mature  forests  as  critical  winter  range. 

The  physiography  of  Vancouver  Island  indicates  that  2  planning  processes  are 
needed  to  satisfy  the  habitat  requirements  of  black-tailed  deer.  Populations  inhabit¬ 
ing  the  coastal  plain  can  be  manipulated  by  adjusting  the  temporal  and  spatial  distri¬ 
bution  of  cover  and  food  [Hebert,  1976]  and  should  respond  to  controlled  intensive 
forest  management  practices  such  as  juvenile  spacing,  fertilization,  and  commercial 
thinning.  Preliminary  information  suggests  that  understory  canopies  of  bracken  fern, 
which  often  form  in  spaced  stands,  could  present  a  problem  to  the  growth  of  more 
desirable  species.  Similarly,  deer  populations  on  the  drier  portions  of  southern 
Vancouver  Island  appeared  (especially  the  Douglas-fir  zone  in  lowland  areas)  to 
respond  to  logging  (as  evidenced  by  a  harvest  density  of  9-10  deer  per  square  mile  in 
table  3).  They  appeared  less  affected  by  extremes  in  winter  climate  and  benefited 
from  natural  spacing  and  openings  in  the  second-growth  forests  of  the  dry  Douglas-fir 
belt  (as  evidenced  by  a  harvest  density  of  5  deer  per  square  mile  in  1972-1974  (table 
3)  which  is  similar  to  peak  harvest  densities  on  northern  Vancouver  Island).  The 
sequence  of  logging  can  be  partially  determined  by  the  successionai  change  in 
vegetation. 

Harvest-density  declines  do  not  totally  reflect  population  changes  because 
second-growth  forests  hinder  visibility  and,  therefore,  hunter  success.  However,  deer 
population  levels  in  the  second-growth  forests  of  the  Cowichan  V alley  parallel  and 
closely  approximate  those  of  harvest  density. 

The  habitat  requirements  of  black-tailed  deer  in  the  interior  mountainous  area  of 
Vancouver  Island  [Will ms,  1971;  Jones,  1974]  could  be  met  by  defining  winter  ranges  in 
mature  timber  and  deleting  (withdrawing)  these  ranges  from  development  plans  for  an 
indefinite  period  by  1)  reducing  the  annual  allowable  cut  (AAC),  2)  providing  migra¬ 
tion  corridors,  and  3)  by  utilizing  rotational  logging  adjacent  to  winter  ranges  in 
order  to  maintain  forage  producing  areas.  In  addition,  redistribution  of  the  logging 
over  a  larger  portion  of  the  watershed  for  any  given  period  of  time,  reduction  of  the 
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size  of  clearcuts,  control  of  cutblock  size  between  south  and  north  aspects,  and  the 
extension  of  greenup  for  periods  of  10-15  years  (10-15-foot  height  class)  would  also 
be  extremely  beneficial. 

By  comparison,  the  coastal  plain  provides  only  10-15  percent  of  the  land  base  of 
Vancouver  Island;  therefore,  it  is  unlikely  that  this  area  can  produce  sufficient  deer 
to  compensate  for  population  declines  and  losses  experienced  in  the  mountainous  por¬ 
tion  of  the  Island.  In  addition,  approximately  88  percent  of  the  coastal  Douglas-fir 
zone  within  the  coastal  plain  is  privately  owned  by  the  forest  industry  and  presently 
provides  minimal  options  for  deer  management.  However,  two  alternatives  will  affect 
the  magnitude  of  deer  management  within  the  coastal  plain.  If  forest  harvest  on  the 
Island  is  actually  proceeding  on  a  sustained-yield  basis,  there  will  only  be  normal 
pressure  on  the  production  of  fibre  from  second-growth  forests  (increase  in  human 
population  demand  excluded)  and,  therefore,  certain  options  will  be  available  for  the 
production  and  management  of  black-tailed  deer  [Hebert,  1976].  However,  if  the 
sustained-yield  concept  is  not  working  adequately  and  the  Island  is  overcommitted  and 
overcut,  there  will  be  tremendous  pressure  to  produce  fibre  from  the  second-growth 
forests  of  the  coastal  plain  and  fewer  options  will  exist  for  the  production  and 
management  of  deer.  If  bracken  fern  canopies  persist  in  the  understory  of  precommer- 
cially-  and  commercial ly-thinned  Douglas-fir  stands,  wildlife  productivity  will  be 
reduced.  This  has  been  observed  and  noted  as  a  potential  problem  in  experimental ly 
thinned  stands  in  the  Sayward  forest  of  Vancouver  Island  and  in  certain  areas  of 
Oregon  [G.L.  Crouch,  personal  communication]. 

Presently,  certain  forests  of  the  East  Kootenay  region  of  British  Columbia 
(Creston  public  sustained  yield  unit  (PSYU))  which  were  managed  on  the  sustained-yield 
formula  have  an  exaggerated  AAC,  because  the  timber  that  can  be  reasonably  expected  to 
become  harvestable  falls  so  short  of  the  physical  inventory  [Pearse,  1976].  Coastal 
forests  are  managed  according  to  the  same  calculations  and  formulae  and,  therefore, 
the  possibility  of  overcut  exists  in  both  the  coastal  Douglas-fir  and  western  hemlock 
biogeocl imatic  zones. 

8.  GoveAnment  agency  i.nteAacJxon-- The  second  part  of  the  planning  process  in¬ 
volves  the  interaction  between  government  agencies  (fig.  10).  During  the  period 
1972-1977  the  planning  process  has  changed  from  the  general  coastal  guidelines  (200- 
acre  cutblock  size  and  20-chain  strips  between  cutblocks)  proposed  by  the  B.C.  Forest 
Service  for  wildlife  protection  (with  minimal  design  input  by  the  Fish  and  Wildlife 
Branch)  to  a  more  comprehensive  ecological  approach  to  planning. 

A  process  was  initiated  during  1973-1974  (review  of  5-year  development  and  work¬ 
ing  plans)  to  overcome  wildlife-forestry  problems  and  has  continued  to  develop  into  a 
semblance  of  a  planning  process.  The  5-year  plan  review  incorporated  folio  planning 
in  1975-1976,  but,  to  date  the  process  is  incomplete,  is  not  agreed  upon  by  all 
members,  is  partially  ineffective  due  to  tenure  restrictions ,  and  has  yet  to  address 
the  most  significant  stumbling  block  to  planning:  forest  policy.  Evolution  of  the 
planning  process  is  shown  in  fig.  10.  It  became  evident  to  both  agencies  (B.C.  Fish 
and  Wildlife  and  B.C.  Forest  Service)  that  planning  must  include  the  capability  of  the 
land  base  to  produce  a  commodity  (capability  analysis),  and,  the  ecological  relation¬ 
ship  of  the  land  base  to  timber  harvest  and  silvicultural  practice  (ecological 
planning).  The  process  has  currently  moved  into  "unit  planning"  of  large  public 
sustained  yield  unit  (PSYU)  tenures,  but,  regardless  of  the  name  of  the  planning 
phase,  it  has  not  effectively  curtailed  loss  of  black-tailed  deer  winter  range  on 
Vancouver  Island. 

Currently,  the  B.C.  Fish  and  Wildlife  Branch  is  developing  better  estimates  of 
deer  production  in  coastal  plain  areas,  second-growth  areas  and  interior  mountainous 
areas,  and  more  comprehensive  planning  of  habitat  requirements.  Simultaneously,  the 
B.C.  Forest  Service  has  developed  a  system  of  ecological  planning  [Klinka,  1976] 
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based  on  moisture  regimes,  soil  types,  vegetation  associations,  and  indicator  plant 
species.  There  is  a  major  problem  between  the  2  systems.  The  winter  habitat  require¬ 
ments  of  black-tailed  deer  depend  largely  on  physical  determinants  such  as  slope, 
aspect,  elevation,  and  climate  (snow  depth  and  hardness)  in  association  with  arboreal 
lichen  densities,  availability  of  ground  story  vegetation,  litterfall,  canopy  closure, 
and  associated  thermal  cover.  The  ecological  system  of  the  B.C.  Forest  Service  relies 
on  moisture,  soil,  and  indicator  plant  species  but  relies  little  on  physical  compo¬ 
nents  for  classification.  The  higher  the  correlation  between  the  physical  and  vegeta¬ 
tive  aspects,  the  easier  it  will  be  to  develop  a  single  classification  system.  To 
date,  the  2  systems  have  not  been  integrated.  The  classification  boundaries  in  each 
system  may  not  be  relatable  (Koprino  River,  Tsitika  River)  because  of  differences  in 
sampling  distribution,  sampling  intensity,  and  components  of  classification. 

WULdLL^o.  QUsLdeJLlMA.  The  B'. C.  Fish  and  Wildlife  Branch  has  currently 
developed  a  set  of  guidelines  which  stratify  (fig.  11)  Vancouver  Island 
into  5  areas  [Davies,  1976]  and  describe  the  quantity  and  distribution  of 
habitat  necessary  to  sustain  deer  populations  at  a  level  below  that  of  a 
mature  timbered  watershed.  It  assumes  that  if  10  percent  of  the  area 
below  2,500  feet  elevation  is  retained  as  winter  range,  deer  population 
density  can  increase  up  to  10  times  in  these  areas.  In  moderate  and 
severe  winters,  it  is  unlikely  that  these  densities  are  sustainable  and, 
therefore,  will  decline  to  only  30-50  percent  of  the  original  population. 

Based  on  the  intensity  of  past  logging  practices,  the  extreme  commitment 
of  the  forest  resource  and  recognition  of  the  capability  of  the  land  to 
produce  deer  (exclusive  of  low  capability  areas--Management  Units  1-3  and 
1-8),  and  winter  habitat  requirement  of  black-tailed  deer  for  mature 
timber,  the  present  planning  process  is  potentially  operable  on  less  than 
20-25  percent  of  Vancouver  Island  but  in  an  area  with  the  most  highly 
regulated  tenure  type  (TFL). 

% 

C.  R&Acu/ice.  potlcy-- The  third  phase  of  the  planning  process  involves  the  agency 
policy  which  determines  the  management  of  its  resource.  This  part  of  the  -planning 
process  is  undoubtedly  the  most  important  but  has  evidenced  the  least  input  and  change 
to  an  integrated  format.  For  example,  the  basic  objectives  of  fish  and  wildlife 
(black-tailed  deer)  management  which  are  NOT  being  met  through  the  planning  process 
are  as  follows: 

1)  To  maintain  the  distribution  of  the  present  species  complement  (that 
is,  stop  the  space  reduction  which  is  now  occurring). 

2)  To  maintain  the  land's  capability  to  support  the  species  complement 
(this  will  not  occur  if  mature  timbered  winter  range  is  harvested). 

3)  To  maintain  the  abundance  of  each  species  based  on  biological  and 
public  demand. 

If  planning  for  black-tailed  deer  is  to  be  successful,  the  interagency  planning 
process  and  its  policies  must  reflect  the  requirements  of  the  species.  If  they  do 
not,  the  interaction  of  2  renewable  resources  will  produce  a  NON-RENEWABLE  resource. 

In  this  case  it  will  be  black-tailed  deer  populations  in  the  interior  mountainous 
areas  of  Vancouver  Island. 

At  the  time  of  writing,  the  present  Forest  Act  was  being  revised  but  it  appears 
unlikely  that  changes  necessary  to  effectively  manage  black-tailed  deer  will  occur  in 
the  major  policy  statements.  For  example,  reductions  in  the  annual  allowable  cut 
(AAC)  are  required  for  the  high  deer  capability  zones  2B,  2C  and  3  of  Vancouver 
Island  (fig.  11).  This  should  occur  on  approximately  20-25  percent  of  the  Island's 
land  base  according  to  the  wildlife  guidelines.  In  addition,  stratification  of  the 
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AAC  must  occur  below  the  level  of  TFL,  PSYU,  or  TSHL,  and,  it  must  account  for  differ¬ 
ences  between  economic  regions  or  large  wildlife  distribution  areas.  The  main  separ¬ 
ation  at  this  level  should  be  between  multiple-use  timber  lands  and  primary  timber 
lands  as  outlined  by  Pearse  [1976].  Further,  there  should  be  stratification  at  the 
ecological  planning  level  of  biogeocl imatic  subzone,  biogeocoenoses ,  and  plant 
association,  with  consideration  given  to  calculation  of  an  AAC  for  each  watershed  or 
based  on  site  characteristics  within  each  watershed.  Similarly,  rotation  length  in 
high  deer  capability  watersheds  should  be  extended  and  adjusted  to  successional  time 
sequences  and  rotational  logging  patterns.  For  example,  the  30-year  plan  for  the 
upper  White  River  incorporates  only  1  successional  food  producing  stage  of  20  years. 
Tenure  policy  (especially  TFL  policy)  not  only  must  reflect  timber  harvest  practices 
and  economic  realities  but  must  incorporate  more  fully  the  technical  realities  of  an 
integrated  approach  to  resource  management.  Greenup  policy,  which  reflects  resource 
integration,  is  currently  lacking  but  must  incorporate  silvicultural  practice,  hazard 
abatement,  and  the  cover  and  food  requirements  of  the  wildlife  resource.  Silvicul¬ 
tural  policies,  which  address  burning  and  planting,  must  be  sufficiently  flexible 
(especially  within  the  coastal  western  hemlock  biogeocl imatic  zone)  to  reflect  the 
requirements  of  black-tailed  deer. 

Problems  arise  when  current  B.C.  Forest  Service  planning  statements  are  contra¬ 
dictory  to  forest  policy  in  meeting  the  requirements  of  the  black-tailed  deer  resource 
For  example,  the  B.C.  Forest  Service  states  that,  "Developing  resource  strategies  is 
an  interdiscipl inary  task  to  which  the  BCFS  is  strongly  committed.  Our  evaluation  of 
land-use  strategies  will  emphasize  the  compatabi 1 i ty  of  timber  harvesting  and  other 
resource  uses."  In  addition,  they  state,  "the  purpose  of  public  sustained  yield  unit 
planning  (PSYU)  is  to  determine  the  rate  of  timber  harvesting  considering  timber  and 
non-timber  natural  resources"  [Unit  Planning  Guide,  1976].  Clearly,  these  statements 
represent  an  attempt  to  resolve  resource  confl icts  .but  they  are  not  supported  by  a 
sound  interagency  planning  process,  a  policy  which  reflects  the  requirements  of  the 
species  or  tenures  which  are  sufficiently  flexible  to  allow  integrated  management. 

V.  Tenu/ ie--A  brief  description  of  the  tenure  types  found  on  Vancouver  Island 
will  exemplify  the  problems  facing  institution  of  an  efficient  integrated  planning 
process . 

a)  Private  land.  About  25-35  percent  of  the  Island  is  composed  of  pri¬ 
vately  owned  forest  land.  There  is  little  or  no  planning  control  by 
either  the  B.C.  Forest  Service  or  the  B.C.  Fish  and  Wildlife  Branch. 

The  main  restriction  imposed  by  the  B.C.  Forest  Service  is  in  the 
form  of  a  firebreak  network  for  fire  protection  purposes. 

Interestingly,  almost  88  percent  of  the  most  productive  zone  in 
Canada  (coastal  Douglas-fir  zone)  occurs  within  private  land.  While 
12-15  percent  of  this  forest  zone  is  under  Crown  control,  it  is  con¬ 
trolled  by  TFL  or  PSYU  tenure. 

b)  TFL  tenure.  The  second  most  important  tenure  is  the  Tree  Farm 
License.  In  this  case,  the  forest  company  is  responsible  for  the 
forest  inventory  and  silvicultural  practices  under  a  21-year  lease 
agreement  (partially  revised  in  the  new  Forest  Act).  Productive 
land  can  be  withdrawn  (Schedule  B)  at  the  discretion  of  the  Minister 
for  amounts  up  to  1  percent  of  the  total  land  of  the  TFL.l/  Any 
amount  on  non-productive  land  can  be  withdrawn  by  the  Minister. 

To  date,  there  is  not  an  example  of  a  withdrawal  of  mature  timber 


]_/  Currently  5  percent  under  the  revised  Forest  Act. 
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for  critical  deer  winter  range.  Pearse  [1976]  suggests  that 
"Although  each  TFL  or  PSYU  may  be  managed  according  to  principles 
of  sustained  yield,  its  separate  blocks  need  not  be,  and  so  a 
timber  supply  region  is  not  assured  of  a  steady  harvest  or  any 
integrated  harvest  control."  In  exactly  the  same  manner,  it 
lacks  regulation  of  integrated  resource  management  for  wildlife. 

c)  TL  tenure.  Although  comprising  a  relatively  small  proportion  of 
Vancouver  Island,  Timber  Licenses  presently  preclude  integrated 
planning  because  the  timber  is  owned  by  the  company.  The  timber 
rights  revert  to  the  Crown  after  the  initial  harvest;  however, 
where  TL  land  encompasses  deer  winter  ranges  there  is  little  or 
no  opportunity  for  withdrawal  and  little  chance  for  deer  produc¬ 
tion  in  second  growth  forests  when  TL  land  occurs  between  1000- 
and  2600-foot  elevations.  Where  TL  land  is  incorporated  as  part 
of  the  TFL  tenure,  withdrawals  for  wildlife  range  must  be  initi¬ 
ated  by  the  company  and  compensation  (usually  monetary)  must  be 
paid  by  the  government. 

d)  PSYU  and  TSHL.  These  tenures  make  up  a  small  proportion  of 
Vancouver  Island  but  allow  integrated  planning  to  a  larger  degree. 
Inventory,  silviculture  and  determination  of  AAC  are  determined 

by  the  Crown.  The  EPA  (environmental  protection  forests)  program 
is  being  applied  in  these  tenures  in  an  attempt  to  reduce  the  AAC 
for  the  benefit  of  wildlife.  These  tenures  are  limited  in  number 
and  distribution,  generally  do  not  contain  the  highest  capability 
deer  areas  and  recently  B.C.  Fish  and  Wildlife  recommendations 
for  EPA  removals  for  black-tailed  deer  were  reduced  considerably. 
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Tenure  description  indicated  the  large  degree  of  control  by  the  timber  industry. 
Procedures,  policy  and  legislation  were  developed  to  maximize  fibre  and  economic 
returns  in  an  era  when  integrated  management  was  nonexistent.  Until  about  1970,  the 
economic  growth  responsibilities  of  government  and  the  policy  interaction  between 
.government  departments  showed  little  responsibility  toward  integrated  management. 
Presently,  consideration  of  the  requirements  of  the  wildlife  resource,  the  agency 
planning  interaction  and  the  integrated  utilization  of  natural  resources  is 
proceeding  (fig.  12);  however,  its  development  will  be  controlled  by  government's 
conception  of  economic  growth  responsibilities.  The  policy  interaction  which  bridges 
the  two  components  is  controlled  by  economic  growth  and,  in  turn,  controls  integrated 
resource  management.  Too  often,  this  model  operates  as  a  passive,  trial  and  error 
procedure  rather  than  as  an  active  process  attempting  to  incorporate  integrated 
management  and  efficient  long-term  utilization  of  the  resource  base. 

A  striking  comparison  exists  between  southeast  Alaska  and  Vancouver  Island  (fig. 
13).  Although  Alaska  is  approximately  100  years  behind  British  Columbia  in  its 
timber  harvesting,  its  black-tailed  deer  population  will  suffer  for  similar  reasons: 

1.  a  carryover  of  biological  reasoning  from  the  1950s  and  from  areas  with  different 
climatic  regimes  (Oregon,  Washington,  southern  Vancouver  Island); 

2.  an  inadequate  interagency  planning  procedure; 
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TIquaz  7 2 — The  relationship  between  the  technical  aspects  of  integrated  management  and 
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3.  policy  which  does  not  reflect  the  requirements  of  the  wildlife  species;  and, 

4.  a  commitment  to  harvest  the  timber  resource  (economic  growth  responsibility) 

which  precludes  adequate  resource  integration. 

In  order  for  wildlife  agencies  to  participate  in  the  present  planning  process 
they  must  accept  (actually  plan  for)  large  declines  (50-90  percent)  in  black-tailed 
deer  populations.  If  the  planning  and  policy  process  continues  in  the  present  form, 
many  deer  populations  in  the  interior  mountainous  areas  of  Vancouver  Island  will  cease 
to  exist.  Currently,  it  can  be  predicted  that  the  deer  harvest  on  northern  Vancouver 
Island  will  continue  to  decline  and  the  decline  will  be  hastened  by  the  next  moderate 
to  severe  winter.  It  is  also  likely  that  the  magnitude  of  the  decline  will  be  con¬ 
siderably  greater  than  that  experienced  on  southern  Vancouver  Island. 

Discussions  during  this  conference  suggest  that,  although  the  words  integrated 
management  are  being  used  by  both  the  U.S.  and  B.C.  Forest  Services,  the  process  does 
not  adequately  incorporate  the  habitat  requirements  of  black-tailed  deer.  The  process 
cannot  be  considered  integrative  if  the  entire  forest  resource  of  southeast  Alaska  is 
allocated  to  wilderness  areas,  native  land  claims,  and  long-term  leases  to  the  forest 
industry,  and,  if  that  of  Vancouver  Island  is  90-100  percent  committed  to  the  forest 
industry,  with  70-75  percent  already  harvested. 
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•  Populations,  Har wests , 

and  Their  Management 

This  section  deals  with  regional  and  temporal  fluctuations  in  deer  populations 
and  harvests  and,  to  a  lesser  degree,  on  how  they  are  estimated.  Because  several  of 
the  papers  consider  causal  phenomena,  they  also  touch  upon  some  apparent  habitat 
problems.  Two  papers  deal  exclusively  with  methodology.  The  one  by  Gordon  Fisch 
discusses  a  germinal  effort  to  evaluate  factors  influencing  the  applicability  of 
pellet-groups  counts,  so  far  our  most  promising  technique  for  estimating  relative 
and  absolute  population  densities.  The  one  by  Warren  Ballard,  Harry  Merriam,  and 
j  Patricia  Copock,  evaluating  methods  used  to  estimate  harvests,  was  not  presented  at 
the  conference,  but  the  authors  felt--with  full  concurrence  from  the  editors--that 
I:  it  was  most  germane  to  these  proceedings. 
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The  Life  and  Times  of  the  Black-tailed  Deer 

in  Southeast  Alaska 

by 


Sigurd  T.  Olson 

Director  of  Fisheries  and  Wildlife  Management 
Region  10,  USDA  Forest  Service,  Juneau,  Alaska 


In&iodtiatlon 

The  Sitka  black-tailed  deer  (OcfocofXeoi  h  emlonuA  6AXk<ua&'ti> ) ,  like  any  creature  of 
the  wild,  has  its  share  of  problems  as  it  struggles  to  maintain  its  place  in  the  sun. 
Occupying  natural  habitats  at  the  extreme  northern  edge  of  black-tailed  deer  range, 
and  in  some  cases  transplanted  to  ranges  beyond,  it  becomes  much  more  vulnerable  an 
sensitive  to  the  variety  of  factors  affecting  its  numbers.  These  factors,  operating 
singly  or  in  combination  with  each  other,  weave  an  intricate. pattern  of  life  and 
death  characterizing  the  life  and  times  of  the  Sitka  blacktail. 

The  status  of  deer  populations  is  of  great  interest  and  concern  to  people  in 
southeast  Alaska,  despite  the  fact  that  if  every  deer  disappeared  for  one  reason  or 
another  we  would  probably  get  along  just  fine.  The  current  deer  situation  is  one  of 
the  most  poDular  subjects  of  conversation  in  southeast  Alaska  in  almost  any 
circumstance.  One  needs  only  to  sit  quietly  in  almost  any  bar,  coffee  break  at  the 
office,  house  party,  or  barber  shop  and  before  long  the  conversation  turns  to  deer, 
their  problems,  and,  of  course,  all  the  answers  for  successful  management  And  thus 
it  is,  we  as  game  managers  who  work  for  these  people  must  strive  to  understand  not 
only  what  these  factors  are  and  how  they  affect  deer  populations,  but  how  the  know¬ 
ledge  can  be  used  to  better  manage  deer  and  their  habitat— if  for  nothing  more  tha 
to  insure  the  public  a  continuing  topic  of  conversation! 

The  purpose  of  this  workshop  is  to  pull  together  what  is  known  about  deer  in 
southeast  Alaska;  in  a  sense,  an  overview.  Thus,  I  would. like  to  review  what  has  bee 
done  so  far  concerning  natural  mortality  patterns  with  primary  emphasis  on  winter 
mortality,  since  winter  weather  appears  to  be  the  major  factor  affecting .deer  P°Pu- 
lation  levels.  Of  course,  weather  must  be  considered  in  context  with  existing  popu¬ 
lation  levels,  range  conditions,  predation,  and  levels  of  parasitism  and  disease. 
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The  first  attempts  to  assess  mortality  patterns  of  deer  in  southeast  Alaska  were 
discussed  by  Klein  [1957]  and  expanded  upon  by  Klein  and  Olson  [I960],  This  work 
dealt  primarily  with  the  effects  of  starvation  caused  by  snow  depth  and  range 
conditions,  accidental  mortality,  and  sex  and  age  differences  in  winter-killed  deer. 
Between  1951  and  1956,  deer  populations  generally  increased,  following  a  period  of 
heavy  winter  mortality  in  the  late  1940s,  and  over-stocked  ranges  occurred  in  some 
areas.  Winters  were  generally  mild  with  the  exception  of  the  winter  of  1955-56,  which 
was  colder  and  developed  with  local  heavy  snow  accumulation  in  late  winter.  Conclu¬ 
sions  thus  far  indicated  that: 

1.  Starvation  accounted  for  80  percent  of  winter  losses.  The  remainder  were  due  to 
predation,  accidents,  and  miscellaneous  causes. 

2.  On  ranges  in  good  condition,  fawns  comprised  84  percent  of  the  loss  in  1956 
(example,  Petersburg-Wrangell  and  south  Admiralty  areas);  on  heavily-used  ranges, 
fawns  comprised  40  percent  and  deer  over  5  years  old  50  percent  of  the  mortality 
(example,  Sitka-Peril  Straits). 

3.  Deer  in  the  1-1/2-  to  5-year-old  range  usually  comprise  less  than  10  percent  of 
the  winter  loss.  Therefore,  5  years  seems  to  be  an  approximate  upper  limit  of 
physiological  efficiency. 

4.  Sex  composition  of  deer  5+  years  old  was  18  males : 1 00  females,  which  suggests 
heavier  mortality  of  males  in  all  age  classes. 

5.  The  effects  of  wolf  predation  on  deer  populations  where  speculated  upon  but  there 
were  few  data  upon  which  to  draw  conclusions.  It  did  seem  apparent  that,  on  the 
mainland  and  islands  south  of  Frederick  Sound  where  wolves  occur,  deer  popula¬ 
tions  were  increasing  rapidly,  ranges  were  in  fair  to  good  condition,  and  winter 
mortality  was  fairly  light.  In  comparison,  on  the  wolf-free  islands  northwest  of 

.  Frederick  Sound,  deer  populations  were  more  stable  or  only  slowly  increasing  and 
exceeding  the  carrying  capacity  of  some  winter  ranges. 

Merriam  [1970]  essentially  updated  our  previous  studies  in  his  paper,  Ve.eA 
Fluotucutlo via  sin  SoivtkzaAt  AIoaIzcl,  presented  at  the  Northwest  Section  meeting  of  the 
Wildlife  Society  in  1970.  Among  other  things,  he  reviewed  the  lows  and  highs  of  deer 
abundance  between  1918-1969,  discussed  effects  of  disease  and  parasitism,  hunting 
pressure,  wolf  predation,  and  winter  mortality  during  the  period  1957-1969. 

Low  deer  population  levels  apparently  occurred  in  1918,  1925,  1934,  1943,  1950, 
1956,  and  1969.  Deer  were  more  abundant  between  these  dates  with  the  last  peak 
between  1961-1963.  Deer  numbers  declined  beginning  in  1964,  and  in  1969  populations 
were  the  lowest  since  1950.  Deer  populations  are  capable  of  recovering  to  previous 
levels  within  4-5  years.  Black-tailed  deer  in  Alaska  are  generally  quite  free  of 
disease  and  parasites  and  their  numbers  do  not  seem  to  be  limited  by  these  factors, 
although  they  could  be  contributing  factors  during  severe  winters  when  resistance  is 
lowered  due  to  starvation. 

Analysis  of  age  data  from  hunter-killed  deer  through  1969  indicated  that  hunting 
has  had  no  significant  effect  on  age  classes.  Levels  of  deer  abundance  were  similar 
in  hunted  and  non-hunted  areas. 

Preliminary  examination  of  wolf/deer  relationships  resulted  in  conclusions  that 
deer  population  cycles  have  occurred  both  on  wolf-inhabited  and  wolf-free  areas  in 
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southeast  Alaska  although  not  always  simultaneously.  Wolves  can  control  deer  numbers 
on  smaller  islands  (as  demonstrated  by  the  introduction  of  wolves  on  Coronation 
Island)  and  can  accelerate  declines  on  larger  islands,  but  predation  by  wolves  alone 
is  not  a  limiting  factor. 

Merriam  [1970]  again  demonstrated  that  winter  weather  is  the  primary  limiting 
factor  on  deer  abundance  and  that  the  availability  of  food  and  productivity  are  secon¬ 
dary  factors  influenced  by  weather.  There  was  definite  correlation  between  average 
winter  temperatures  and  deer  winter  losses.  Fewer  losses  occurred  in  winters  averag¬ 
ing  32°  F  or  higher  than  in  winters  averaging  below  32°  F  (fig.  1),  and  success  of 
hunters  in  the  following  hunting  season  reflected  these  differences. 

Prolonged,  excessi vely-col d  weather,  requiring  greater  food  intake,  and  compounded 
by  long  periods  of  persistent,  deep  snow  restricting  availability  of  food,  results  in 
increased  winter  losses  of  deer  due  to  starvation.  Browse  alone  will  not  sustain  deer. 
If  snow  cover  prevents  availability  of  ground  forbs  for  long  periods,  malnutrition 
occurs,  does  produce  less  fawns,  and  deer  are  more  susceptible  to  other  decimating 
factors  such  as  predation. 

There  are  indications  that  deer  may  become  adapted  to  climatic  conditions. 

Although  weather  conditions  in  northern  portions  of  southeast  Alaska  are  more  severe 
than  in  the  south,  deer  populations  show  the  same  cycling  tendencies.  Average  winter 
temperatures  and  conditions  in  Prince  William  Sound  resulting  in  little  loss  of  deer 
would  produce  severe  losses  in  southeast  Alaska. 

Thus  far: 

J.  WzatkeA- -Winter  weather,  primarily  prolonged  periods  of  cold  (below 
average  temperature  32°  F)  combined  with  continuous  snow  cover  suf¬ 
ficient  to  reduce  availability  of  browse  for  long  periods,  causes 
greatest  winter  losses.  The  generally  severe  winters  in  the  mid-60s, 
followed  by  the  most  severe  winter  on  record  (1968-1969)  produced  the 
greatest  losses  of  deer. 

2.  Age--Fawns  and  deer  5+  years  old  are  most  susceptible  and  comprise 
80-90  percent  of  winter  mortality. 

3.  Sex--Male  and  female  fawns  are  equally  susceptible.  In  the  1-1/2- 
to  5-year-old  range,  males  are  more  susceptible.  Among  deer  over 
5  years  old,  females  are  more  vulnerable.  Losses  of  more  males 
during  prime  years  means  proportional ly  more  females  survive  beyond 
5  years.  Thus,  more  females  show  up  as  winter  kill  in  the  older  age 
group. 

4.  Psi&dcuticm-- Wolves  can  control  deer  numbers  on  small  islands, 
accelerate  decline  of  deer  numbers  elsewhere,  and  delay  recovery 
to  former  populations  levels. 

It  appears  that  the  winter  of  1968-1969  was  a  turning  point  in  the  life  and  times 
of  deer  in  southeast  Alaska.  This  is  where  the  cumulative  effect  of  all  mortality 
factors  definitely  changed  things  for  deer  depending  on  what  region  they  inhabited. 
Although  the  basic  patterns  seem  to  persist,  somehow  the  net  result  has  not  been  the 
same  in  various  areas  of  southeast  Alaska. 


First  of  all,  since  1970-1971,  with  local  exceptions,  winters  have  been  less 
severe  with  several  open  winters  culminating  with  the  winter  of  1976-1977,  one  of  the 
mildest  on  record--the  antithesis  of  1968-1969.  One  would  expect,  in  view  of 
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-Comparison  of  winter  temperatures  and  deer  winter  losses  in  southeast  Alaska, 
1956-1969.  From  Merriam  [1970]. 
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experience  thus  far,  that  deer  populations  should  be  all  coming  back  to  previous 
levels  of  abundance--not  so!  Inquiries  were  addressed  to  Area  Game  Biologists  for 
information  on  recent  population  trends  and  their  causes. 

Bob  Woods  reports  that  in  the  Ketchikan  area  deer  numbers  are  remaining  static  at 
low  levels.  There  has  been  little  or  no  winter  mortality,  particularly  in  the  last  4 
winters.  Populations  are  below  the  carrying  capacities  of  the  range.  Predation  and 
hunting  appear  to  be  the  only  major  mortality  factors;  however,  it  must  be  noted  that 
deer  numbers  also  remain  low  in  areas  of  light  or  no  hunting  pressure. 

In  the  Petersburg  area,  Harry  Merriam  reports  that,  after  a  series  of  relatively 
mild  winters  and  negligible  winter  mortality,  deer  populations  are  at  an  all-time  low. 
Hunter  harvests  dropped  from  3,700  in  1961  to  40  in  1974,  and  in  1976  the  season  was 
closed!  Deer  are  almost  absent  from  some  of  the  larger  islands  such  as  Kupreanof. 
Winter  mortality  now  is  very  low--no  deer  to  die!  The  primary  mortality  factor  now 
appears  to  be  wolf  predation. 

The  reproductive  capacity  of  the  existing  deer  population  is  apparently  incapable 
of  overcoming  the  predation  exerted  by  wolves.  Similar  to  the  Ketchikan  area,  deer 
numbers  are  also  low  in  areas  not  subject  to  heavy  hunting.  Thus,  it  appears  at  this 
point  in  time  that  predation  may  have  superceded  weather  as  a  primary  mortality  factor. 
So,  the  pattern  changes  in  a  sense.  Which  is  worse,  lack  of  deer  due  to  weather,  or 
no  deer  due  to  wolves?  I  think,  perhaps,  it  is  not  a  matter  of  "which  is  worse,"  but 
more  not  really  knowing  all  we  could  about  how  these  patterns  evolve. 

On  the  north  end  of  their  range,  mild  winters  have  also  prevailed  and,  finally, 
deer  populations  are  on  the  "up"  side  in  the  Juneau  area,  responding  as  expected, 
according  to  reports  from  Dave  Johnson.  In  the  Sitka  area  and  ABC  islands,  deer 
numbers  are  again  high,  according  to  Loyal  Johnson.  Winter  losses  have  been  low  to 
moderate,  overall  less  than  1  deer  per  mile  of  beach  and  almost  no  losses  in  the 
winter  of  1976-1977.  Hunter  success  on  the  islands  has  been  high  (60-80  percent). 
Winter  ranges  are  showing  chronic  heavy  use  in  many  areas. 

In  general  then,  deer  populations  are  low  and  static  in  southern  Southeast,  des¬ 
pite  mild  winters,  insignificant  winter  losses,  and  no  seeming  effect  from  hunting 
pressure.  In  central  Southeast,  record  low  populations  persist  despite  increasingly 
mild  winters,  low  hunting  pressure  and  understocked  ranges.  Both  areas  are  experi¬ 
encing  predation  from  wolves.  At  the  north  end  of  the  range  numbers  are  increasing, 
populations  are  high,  and  winter  ranges  are  showing  chronic  heavy  use.  Wolf  predation 
is  absent  except  perhaps  on  some  mainland  areas.  Immediately  there  is  the  question, 
"How  come?"  "Why?"  Are  there  any  significant  changes  in  the  mortality  patterns? 

There  is  not  much  information  upon  which  to  draw.  It  is  possible,  however,  to 
make  a  few  comparisons  between  what  Klein  [1957]  and  Merriam  [1970]  presented  in  the 
1950s  and  1960s  and  data  from  northern  southeast  Alaska  (ABC  Islands)  for  the  1970s, 
following  that  disastrous  winter  of  1968-69.  The  data  in  table  1  indicate  that  fawns 
comprise  most  of  the  mortality  over  time.  This  is  similar  to  what  Klein  and  Olson 
[1960]  showed  for  the  1950s  under  similar  circumstances  for  all  of  southeast  Alaska 
(table  2).  As  mentioned  previously,  Merriam  [1970]  showed  that  when  average  winter 
temperatures  dropped  below  32°  F,  losses  began  to  reach  1  or  more  deer  per  mile  of 
beach.  This  same  pattern  is  apparent  for  Unit  4  (fig.  2).  The  extremely  mild  winter 
of  1976-1977,  with  record  high  temperatures ,  resulted  in  no  observed  mortality  of 
deer.  As  might  be  expected,  hunter  success  subsequently  improved. 

Winter  mortality  patterns  thus  continue  to  assert  themselves  much  as  they  always 
have.  I  don't  think  we  have  learned  much  that  is  new  over  the  years  with  perhaps  one 
or  two  exceptions.  These  are  the  effect  of  wolf  predation  and  spatial  distribution  of 
deer  on  winter  range. 
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Table  1.  Proportions  of  fawns  and  adults  among  92  winter- killed  deer  in  Game  Manage¬ 
ment  Unit  4  (Admiralty,  Baranof,  Chicagof,  and  Kruzof  Islands),  1971-1977. 
From  Alaska  Department  of  Fish  and  Game  [1975] 


Year 

number 

Fawns 

percent 

Ad  ul ts 

number  percent 

Total 

1971 

9 

47 

10 

53 

19 

1972 

10 

43 

13  • 

57 

23 

1973 

13 

100 

0 

0 

13 

1974 

9 

75 

3 

25 

12 

1975 

1 

17 

5 

83 

6 

1976 

9 

47 

10 

53 

19 

1977 

- no 

mortal i ty - 

Total 

51 

55 

41 

45 

92 

Table  2.  Proportions  of  fawns  and  adults 
Alaska,  1952,  1954-1956.  From 

among  323 
Klein  and 

winter-ki 1 1 ed 
Olson  [1960] 

deer  from  southeast 

Fawns 

Adul ts 

Year 

number  percent 

number  percent 

Total 

1952 

60  75 

20 

25 

80 

1954 

18  39 

28 

61 

46 

1955 

37  58 

27 

42 

64 

1956 

66  50 

67 

50 

123 

Total 

181  56 

142 

44 

323 
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Average  Winter  Temperatures  1971-1977  (November-March) 
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Deer  Winter  Losses  on  Admiralty,  Baranof, 
Chichagof  and  Kruzof  Islands  (GMU4 ) ,  1971-1977 
from  spring  surveys 


Figute  2--Comparison  of  winter 

Uni  t 


temperatures  and  deer  winter  losses,  Game  Management 
4,  southeast  Alaska,  1971-1977 
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At  first  it  appeared  that,  except  for  smaller  islands,  wolves  did  not  have  much 
impact  on  deer  population  levels.  It  now  appears  that  wolf  predation  does  have  a  sig¬ 
nificant  impact.  At  what  point  wolf  predation  becomes  a  critical  factor  capable  of 
either  depressing  a  population  or  actually  eliminating  it,  is  not  well  understood. 
Beyond  the  fact  that  it  happens  when  a  high  deer  population,  which  has  supported  a 
high  wolf  population,  suffers  a  series  of  heavy  winter  losses,  we  don't  have  much  to 
go  on.  Merriam's  work  on  Coronation  Island  [Merriam,  1965,  1970]  has  provided  con¬ 
siderable  insight  concerning  the  effect  of  wolf  predation  on  small  islands--primarily 
that  they  are  capable  of  reducing  deer  populations  to  extremely  low  levels.  We  are, 
however,  much  in  need  of  information  on  how  this  mortality  factor  operates  wherever 
wolf  and  deer  occur  together.  Until  it  is  known  at  what  point  and  under  what  circum¬ 
stances  predation  becomes  a  significant  factor,  any  attempts  at  managing  the  situation 
will  be  haphazard  at  best,  and  this  particular  part  of  the  natural  mortality  pattern 
will  be  a  continuing  problem.  Of  course,  the  social  aspects  of  handling  wolf  preda¬ 
tion  problems  lend  yet  another  dimension  to  be  considered. 

One  more  part  of  the  pattern  that  should  be  mentioned  briefly  is  the  fluctuation 
of  numbers  relative  to  population  distribution.  Although  all  deer  populations  are 
subject  to  weather,  the  greatest  fluctuations  are  experienced  on  the  inner  islands  of 
southeast  Alaska.  Mainland  populations,  though  seldom  as  high  as  island  populations, 
seem  to  be  more  static  over  a  period  of  time.  This  is  probably  due  to  the  fact  that 
winter  conditions  and  other  mortality  factors  are  uniformly  more  severe  and  popula¬ 
tions  seldom  build  to  excessive  levels. 


Simmaxy 


In  summary,  we  understand  the  following  aspects  of  natural  mortality  of  deer  in 
southeast  Alaska: 

--Certain  sex  and  age  classes  predominate  in  the  winter  kill. 

--The  availability  and  condition  of  forage  on  key  winter  areas  influence 
winter  mortal i ty . 

--Temperatures  and  the  extent  and  duration  of  snow  cover  are  critical 
factors . 

--Wolf  predation  can  reduce  numbers  and  delay  population  recovery  follow¬ 
ing  heavy  winter  losses. 

--Hunting  pressure  appears  to  have  little  overall  effect  on  deer  popu¬ 
lation  levels. 

What  we  don't  really  know  are  how  the  combinations  of  factors  interact  and  at 
what  point  things  become  critical.  What  are  the  key  indicators  and  what  can  managers 
do  to  anticipate  problems  and  situations  created  by  natural  mortality.  We  have  added 
little  to  our  knowledge  in  the  last  15  years. 

It  is  time  we  examine  the  various  programs  underway  and  decide  if  they  are  ade¬ 
quate  to  provide  the  information  needed  for  management.  For  example,  the  various 
survey  techniques  and  procedures  used  to  assess  range  condition  and  winter  mortality 
could  stand  improvement;  they  haven't  changed  much  over  the  years.  Perhaps  some 
modeling  is  necessary  to  better  understand  the  interaction  of  various  combinations  of 
mortality  factors. 
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I  have  only  scratched  the  surface  of  this  subject.  Thus,  I  think  it  is  time  to 
take  a  detailed  look  at  natural  mortality  of  our  Alaska  deer  populations.  It  is 
interesting  to  look  backwards,  but  more  important  to  look  forward,  and  plan  our 
approach  to  future  deer  research  and  management  in  Alaska. 
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Deer  Harvests  in  Southeast  Alaska 


by 
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and 
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In&ioducjtLon 


The  Sitka  black-tailed  deer  (OdocciAJtduA  kdmlonuA  6d£kdnA-u>)  is  indigenous  to  the 
islands  of  southeast  Alaska  and  the  mainland  to  about  the  latitude  of  Juneau.  For 
game  management  purposes,  this  area  is  described  as  Alaska  Game  Management  Units  1-4 
(fig.  1):  the  mainland  and  Revi 1 1 agi gedo  Island  is  Unit  1  and  has  4  subdivisions; 

Unit  2  is  Prince  of  Wales  Island;  Unit  3  is  the  Petersburg-Wrangel 1  area  including 
Kuiu,  Kupreanof,  Mitkof,  Wrangell,  Zarembo,  Etolin  and  adjacent  islands;  and.  Unit  4 
is  Admiralty,  Baranof,  Chichagof,  and  Kruzof  Islands  (the  ABC  islands).  Deer  are  less 
abundant  on  the  mainland  than  the  islands,  and  populations  are  more  stable  on  the  ABC 
islands.  Presently  deer  are  in  low  to  very  low  numbers  everywhere  except  on  the  ABC 
islands.  Deer  were  transplanted  to  Yakutat,  Unit  5,  in  1934  [Alaska  Game  Commission, 
1935],  where  they  are  currently  at  low  levels. 

Sitka  black-tailed  deer  experience  population  fluctuations  of  large  magnitude 
[Merriam,  1970].  Others  at  this  conference  will  discuss  the  biology  of  these 
fluctuations.  Whatever  the  reason,  be  they  long-term  of  unknown  cause  or  short-term, 
weather-induced  highs  and  lows,  these  fluctuations  are  of  singular  importance  to  the 
harvest  of  deer  taken  in  Alaska. 


ViA  cu6&i.on 


Most  hunters  are  residents  of  southeast  Alaska.  Hunting  pressure,  as  indicated  by 
license  sales,  has  been  fairly  constant  in  most  areas  with  an  overall  increase  in 
Juneau  and  Ketchikan.  The  hunting  season  usually  opens  August  1  and  runs  through 
December  31,  with  local  exceptions.  The  limit  is  up  to  4  deer,  with  antlerless  deer 
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Figure  1.  Game  management  units  of  southeast  Alaska 


wm 


170 


legal  after  September  15,  again,  with  local  exceptions.  Deer  may  not  be  taken  with 
the  aid  of  a  helicopter  in  any  manner,  nor  can  they  be  taken  from  a  boat  or  while  they 
are  swimming. 

Deer  hunting  in  southeast  Alaska  can  be  broken  into  3  periods  dictated  by  the 
deer's  seasonal  habitat  use.  The  first  period  is  August  to  about  mid-September. 

Hunting  is  usually  done  in  the  alpine  and  is  restricted  to  bucks  only.  This  is  a  high 
quality,  outstanding  style  of  hunting.  It  can  be  rather  difficult,  because  of  weather 
and  terrain,  so  accounts  for  less  than  4  percent  of  the  total  harvest. 

The  second  period  is  from  about  mid-September  until  snowfall.  Deer  are  on  their 
intermediate  range,  generally  in  big  timber,  just  below  alpine,  after  frost  kills  suc¬ 
culent  summer  forage.  Calls  are  very  effective  and  hunting  is  for  deer  of  either  sex. 
Again,  this  is  a  very  high  quality  hunt,  and  it  is  an  effective  hunting  period  for 
those  who  know  how  to  hunt  them.  This  period  contributes  about  10-15  percent  of  the 
harvest. 

The  third  period  begins  after  snow  has  restricted  deer  to  their  winter  range. 

Calls  are  again  effective,  especially  if  snow  coincides  with  the  rut.  There  is  a 
great  deal  of  hunter  effort  because  deer  are  most  available,  and  upwards  of  80  percent 
of  the  annual  harvest  is  taken  during  this  time.  Ethical  and  sporting  considerations 
are  not  as  high  as  during  earlier  portions  of  the  season.  It  is  primarily  a  meat 
hunting  period. 

Sometimes  extreme  snow  makes  deer  very  vulnerable,  which  poses  problems  of  ethics 
and  sportsmanship.  This  puts  the  manager  in  a  "rock  or  hardplace"  position,  for  the 
early,  heavy  snow  which  contributes  to  a  high  hunter  kill  also  may  be  a  precursor  of 
high  winter  mortal i ty--the  combination  of  which  can  reduce  the  deer  population.  It  is 
ironic  that  severe  winters,  when  heavy  mortality  occurs  (both  natural  and  hunter  kill), 
are  often  followed  by  mild,  open  winters.  During  the  latter,  deer  are  not  visible  on 
beaches  nor  are  they  concentrated  on  winter  ranges.  The  public  has  often  interpreted 
the  apparent  lack  of  deer  during  the  mild  years  as  a  result  of  mismanagement  from 
heavy  hunter  kill  during  the  previous  severe  winter. 

We  might  also  add  a  fourth  period,  the  year-long  "gunny  sack"  season,  which  in 
remote  areas  is  of  some  consequence.  There  are  2  primary  motivations  for  hunting 
deer:  for  sport  and  for  meat.  In  former  times  or  in  times  of  high  deer  populations, 
many  residents  of  southeast  Alaska  looked  upon  the  Sitka  blacktail  as  their  primary 
source  of  red  meat.  That  was  true  until  about  1968  when  the  current  downward  trend 
became  pronounced.  It  is  still  possible  for  many  people,  especially  residents  of 
Sitka,  Angoon,  Pelican,  Kake,  Hoonah,  Tenakee,  and  other  communities  in  or  near  Unit  4, 
to  utilize  deer  for  their  meat  needs.  These  people  can  and  do  hunt  from  their  back 
door.  This  is  a  matter  of  choice  and/or  tradition,  not  necessity,  but  the  resource 
can  support  it,  so  people  do  it.  But,  hunting  for  Sitka  black-tailed  deer  also  affords 
a  very  high  quality  sporting  experience.  Still -hunting,  calling,  or  stalking  in  the 
alpine  for  these  animals  can  be  among  the  most  enjoyable  forms  of  big  game  hunting. 

The  meat  of  the  Sitka  blacktail  is  of  very  excellent  quality,  so  meat  derived  from  such 
a  hunt  is  of  secondary,  but  still  high,  importance.  Residents  of  towns  and  areas  where 
deer  populations  are  now  low  (that  is,  Petersburg,  Wrangell,  Ketchikan)  still  hunt 
deer,  but  local  deer  numbers  are  not  sufficiently  high  to  provide  a  significant  meat 
source.  Consequently,  many  of  these  people  hunt  Unit  4.  Such  trips,  however,  are 
costly  and  are  usually  a  once-a-year  affair.  If  a  man  takes  10  days  away  from  work, 
spends  $500,  and  shoots  4  60-pound  deer,  call  his  motivation  for  hunting  what  you  want, 
but  in  no  way  can  it  be  a  financially-rewarding  meat  hunt. 

Note  that  we  did  not  call  those  who  hunt  for  meat  "subsistence"  hunters.  Subsis¬ 
tence  hunting  is  a  very  complex  issue  in  Alaska  today  and  one  subject  to  much  debate. 
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Here  we  are  referring  to  people  whose  use  of  established  deer  seasons  and  bag  limits 
is  primarily  for  the  purpose  of  obtaining  venison. 


Ha/ivetl  Meat  uAzments 


Since  statehood  we  have  used  2  techniques  in  Alaska  to  measure  deer  harvests: 
hunter  interviews  and  harvest  tickets.  In  about  1959,  a  post-season  hunter  interview 
was  initiated  and  conducted  annually  until  1974.  It  was  based  on  a  sample  of  about 
10  percent  of  the  men  licensed  to  hunt  and  was  done  in  Ketchikan,  Wrangell,  Petersburg, 
Sitka,  and  Juneau.  The  Big  Game  Harvest  Ticket  system  was  expanded  in  1968  to  include 
deer.  A  comparison  of  results  from  both  methods,  used  concurrently  for  3  years,  led 
to  a  decision  to  drop  the  interview  in  favor  of  the  harvest  ticket  in  1974.  However, 
an  interview  sample  was  taken  in  Sitka  in  1975. 

Both  systems  had  their  shortcomings  and  both  had  their  merits.  The  interview 
probably  gave  a  more  accurate  assessment  of  the  total  harvest,  was  more  timely,  the 
cost  was  insignificant,  was  handled  at  the  local  level,  and  provided  a  good  oppor¬ 
tunity  for  personal  contact  with  hunters;  something  we  have  too  little  of.  However, 
it  was  biased  by  virtue  of  not  sampling  the  smaller  communities,  and  it  had  the  usual 
biases  of  an  oral  interview.  After  some  years  of  repetition,  it  became  an  unpleasant 
task,  which  may  also  have  affected  the  results. 


The  harvest  ticket,  which  is  required  of  everyone  who  hunts  deer,  reaches  a  much 
larger  sample  and  should,  theoretical ly ,  provide  more  accurate  data.  It  is  very 
costly,  provides  only  limited  data  on  unsuccessful  hunts,  and  since  deer  harvest  data 
is  low  on  the  Division  of  Game  priorities,  is  very  untimely  in  being  analyzed 
(normally  no  earlier  than  August  of  the  following  year,  if  at  all).  Compliance  in 
returning  the  harvest  ticket  has  averaged  only  about  60  percent.  Harvest  ticket  re¬ 
turns  have,  however,  proven  very  useful  in  providing  hunter  effort  and  harvest  figures 
on  specific  areas  for  use  in  assisting  the  Forest  Service  in  land-use  planning. 


The  importance  of  timely,  reliable  harvest  information,  regardless  of  the  species 
involved,  is  a  basic  prerequisite  for  any  resource  managing  agency.  This  is  espec¬ 
ially  true  at  this  point  in  time  with  deer  management,  as  there  are  so  many  demands  on 
the  limited  deer  habitat  in  southeast  Alaska.  For  our  own  management  needs  it  now 
appears  that  the  hunter  interview,  with  modification,  would  be  the  most  useful. 


Magnitude,  ofi  Ha/iv&>£6 


The  earliest  record  we  found  of  deer  harvests  in  southeast  Alaska  was  a  recent 
translation  of  a  Russian  report  [Pierce  and  Donnelly,  in  press]  that  the  native  people  ( 
of  Sitka  sold  2,774  deer  (the  translation  called  them  goats)  to  the  Russian  settlement 
in  Sitka  in  1861.  During  the  1940s  and  1950s,  as  reported  by  the  Alaska  Game  Commis¬ 
sion  and  U.S.  Fish  and  Wildlife  Service  (in-service  annual  renorts  on  file  in  Alaska 
Department  of  Fish  and  Game  headquarters  library),  the  annual  harvest  ranged  from 
5,000  to  15,000  deer. 


From  1959  to  1968,  based  on  hunter  interviews  [unpublished  Alaska  Department  of 
Fish  and  Game  records],  there  was  an  annual  kill  of  about  10,000-12,000  deer  (fig.  2).  I 
Reduced  harvests  normally  follow  a  severe  winter  with  high  natural  mortality  and 
hunter  kill,  but  can  also  occur  in  a  snow- free  year  when  deer  do  not  become  vulnerable. 
A  good  example  of  the  latter  is  1976,  while  1969  and  1972  are  good  examples  of  the 
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Year 

Figure  2.  Annual  deer  harvests  estimated  from  hunter  interviews. 
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Figure  3.  Deer  harvest  by  hunters  from  major  cities,  estimated  from  hunter  interviews. 


former.  Season  extensions  have  also  occurred,  which  account  for  some  of  the  peaks. 

As  fig.  2  also  shows,  the  current  population  low  in  all  areas,  except  Unit  4,  has 
brought  the  overall  harvest  down  considerably. 

Normally  about  75  percent  of  the  hunters  take  at  least  1  deer,  but  the  average 
kill  per  hunter  is  around  2  deer.  During  good  or  average  years  hunters  expend  about 
3  days  effort  per  deer  taken.  Not  surprisingly ,  unsuccessful  hunters  expend  only 
about  1/3  the  effort  expended  by  successful  hunters.  Bucks  have  traditionally  made  up 
about  60  percent  of  the  harvest.  Once  again,  the  current  population  status  and  the 
attendant  restrictive  regulations  have  altered  these  generalities. 

By  community,  residents  of  Sitka  normally  harvest  about  2,000  deer  annually,  of 
which  70  percent  come  from  within  a  30-mile  radius  of  the  town.  Ketchikan  hunters 
took  about  3,000+  deer  annually  prior  to  1968,  mostly  from  the  immediate  Ketchikan 
area.  Currently,  they  are  taking  around  500  deer,  of  which  about  20  percent  come  from 
Unit  4.  Juneau  hunters  annually  take  from  2,000-5,000  deer,  60  percent  of  which  come 
from  Admiralty  Island.  Petersburg  hunters,  prior  to  1968,  took  about  1,000-2,000 
annually,  usually  within  the  local  area;  today  they  take  about  200-500,  mostly  from 
southern  Admiralty  Island.  Wrangell  hunters  took  about  600+  annually  before  1968, 
mostly  local,  but  now  take  about  100,  mostly  from  Admiralty  Island.  We  really  don't 
know  much  about  deer  harvests  from  the  outlying  communities  where  contacts  with 
Department  personnel  are  infrequent  and  compliance  with  harvest  ticket  requirements 
is  low. 

Weather  has  the  greatest  impact  on  southeast  Alaska  deer  harvests.  This  is  the 
result  of  population  reduction  from  winter  mortality  and/or  hunter  kill  or  invariable 
deer  vul nerabi 1 i ty.  As  noted  above,  without  superimposing  this  over  the  above  harvest 
figures,  these  figures  can  be  somewhat  misleading. 


Outlook 


History  has  shown  the  Unit  4  deer  population  to  remain  high  and  stable.  We 
should  be  able  to  maintain  or  perhaps  increase  harvests  as  human  populations  increase 
and  more  people  hunt  more  remote  areas.  It  is  inevitable  that  the  increasing  human 
population  and  increased  mobility  will  force  a  curtailment  of  the  present  liberal 
season  and  bag  limit  so  that  fewer  people  can  rely  on  deer  for  meat.  The  kill  can 
remain  at  present  levels;  however,  it  will  be  shared  by  more  people.  Deer  populations 
will  undoubtedly  recover  farther  south  so  that  those  areas  will,  again,  support  a 
higher  harvest.  It  is  doubtful,  though,  that  we  will  again  see  a  limit  of  4  deer  and 
a  5-month  season  over  much  of  southeast  Alaska  because  of  today's  feelings  of  ecolog¬ 
ical  awareness,  citizen  involvement,  anti  hunting,  and  the  like.  Major  habitat  modi¬ 
fications  will  undoubtedly  result  in  reduced  populations  and,  therefore,  reduced 
harvests.  Then,  too,  the  conflicts  of  land  ownership  and  classifications,  preferen¬ 
tial  uses  by  certain  groups,  and  land-use  practices,  combined,  will  place  additional 
uncertainties  on  regulated  harvesting  by  the  general  public  as  a  deer  management  tool. 
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History  and  Current  Status 
of  Sitka  Black- tailed  Deer 
in  Prince  William  Sound 


by 


Julius  L.  Reynolds 

Alaska  Department  of  Fish  and  Game,  Cordova 


Introduction 


Deer  are  not  native  to  Prince  William  Sound.  The  Cordova  Chamber  of  Commerce  in 
1916  arranged  to  have  8  black-tailed  deer  ( Odocoitcus  hemionus  sitkcnsts) ,  captured 
near  Sitka,  transplanted  to  Hawkins  and  Hinchinbrook  Islands  in  Prince  William  Sound. 
From  1917  to  1923,  16  more  blacktails  were  added  to  supplement  the  original  transplant. 
The  introduction  of  deer  to  Prince  William  Sound  was  the  initial  big  game  transplant  in 
Alaska  and  has  proven  to  be  one  of  the  most  successful  [Burris  and  Mcknight,  1973]. 

The  browse  in  Prince  William  Sound  was  not  being  utilized  by  any  ungulate  when 
deer  were  introduced.  Thus,  the  deer  responded  rapidly  to  the  virgin  habitat--they 
increased  rapidly  and  dispersed  throughout  Prince  William  Sound  wherever  suitable 
habitat  existed.  The  population  peaked  about  1945  and  by  1950  range  damage  was  severe, 
drastically  reducing  the  carrying  capacity  of  the  winter  range  [Robards,  1951]. 

Extreme  population  fluctuations  are  common  with  most  species  at  the  northern  limits  of 
their  range;  Prince  William  Sound  deer  are  no  exception.  Major  die-offs  were  recorded 
in  the  late  1940s,  mid-1950s,  late  1960s,  and  early  1970s.  Winter  snow  depth  and  dur¬ 
ation  is  the  primary  regulating  factor  of  deer  abundance  in  Prince  William  Sound. 


Discussion 


Distribution  and  abundance — The  distribution  of  deer  in  Prince  William  Sound  is 
fairly  stable  and  what  observable,  though  slight,  expansion  and  retraction  of  range 
utilized  by  deer  is  the  direct  result  of  the  severity  of  previous  winters.  A  series 
of  mild  winters  allows  deer  to  expand  their  range  only  to  be  reduced  by  the  next  normal 
or  severe  winter. 


In  Prince  William  Sound,  the  better  deer  populations  are  found  on  the  larger 
islands:  Hawkins,  Hinchinbrook,  Montague,  LaTouche,  Green,  Knight  (eastern  side)  and 
the  Naked  Island  group  (fig.  1).  The  mainland  is  marginal  deer  habitat  with  the  ex¬ 
ception  of  the  Gravina  Point  to  Rude  River  area  which  contains  a  moderate  deer 
population.  The  northern  and  western  portion  of  Prince  William  Sound  is  marginal 
habitat.  Prince  William  Sound  fishery  biologist  J.D.  Solf,  now  deceased,  stated  [per¬ 
sonal  communication]  that  he  had  seen  deer  or  deer  tracks  in  nearly  every  major  drain¬ 
age  of  Prince  William  Sound  at  one  time  or  another.  Each  year  deer  are  reported  in 
atypical  areas  around  Prince  William  Sound,  but  winter  snow  depth  does  not  allow  them 
to  become  established. 

Hawkins,  Hinchinbrook  and  Montague  Islands  support  probably  70  to  75  percent  of 
the  Prince  William  Sound  deer  population.  No  attempt  to  estimate  total  numbers  of 
deer  in  Prince  William  Sound  has  ever  been  made.  The  current  deer  population  would  be 
classed  at  a  moderate-to-1 ow  level  compared  to  the  carrying  capacity  of  a  "normal" 
winter. 

HaAv&6f;--Deer  hunting  in  Prince  William  Sound  commenced  in  1935.  The  regulations 
made  it  legal  to  take  1  buck  having  antlers  not  less  than  3  inches  in  length,  from 
September  20  to  September  30,  under  a  special  permit  prescribed  by  the  Secretary  of 
Agriculture.  The  drainages  into  Prince  William  Sound  open  to  hunting  were:  north  of 
the  center  of  the  Copper  River  and  Northwestern  Railway  and  west  of  Mountain  Slough, 
including  the  islands  of  Prince  William  Sound,  except  Hawkins  and  Knight  Islands. 

In  1938,  the  regulation  stipulated  that  only  residents  could  hunt.  In  1952, 
after  a  major  die-off,  the  bag  limit  was  raised  to  2  bucks.  Does  became  legal  in  1953 
and  fawns  a  few  years  later  (1955?).  Season  lengths,  bag  limits  and  areas  open  to 
hunting  varied  from  year  to  year,  but  gradually  increased  until  1964  when  the  Game 
Management  Unit  6  (Prince  William  Sound)  deer  season  was  set  for  August  1  through 
December  31  allowing  4  deer  per  year,  provided  that  antlerless  deer  could  only  be 
taken  from  September  15  through  December  31.  The  season  and  bag  limit  has  remained 
the  same  for  the  past  14  years. 

Good  harvest  data  are  not  available.  Presently,  2  methods  of  collecting  harvest 
data  are  utilized:  harvest  report  cards  and  Cordova  hunter  interviews.  Deer  harvest 
tickets  have  been  required  since  1965,  but  hunter  compliance  in  returning  the  harvest 
report  card  has  been  poor.  For  Game  Management  Unit  6  the  harvest  report  card  data 
probably  give  a  fair  picture  of  the  overall  harvest;  that  is,  percent  of  males,  number 
of  deer  taken  per  hunter  (1,  2,  3,  or  4),  deer  per  hunter  plus  chronology  and  location 
of  the  harvest.  Harvest  report  card  data  have  not  accurately  reflected  the  magnitude 
of  the  harvest  or  the  hunting  effort  (days  hunted).  The  1977  harvest  report  card  was 
modified  to  better  reflect  hunting  effort.  The  Cordova  hunter  interview,  which  is 
conducted  annually  by  interviewing  100  Cordova  hunters  and  extrapolating  the  results, 
gives  a  fairly  reliable  picture  of  the  deer  harvest  by  local  hunters.  But,  the 
interview  data  probably  give  a  distorted  "overall"  picture  of  the  harvest.  Local 
hunters  probably  kill  more  deer  with  less  effort  than  those  from  Anchorage,  Fairbanks, 
and  Kenai  Peninsula,  but  they  are  also  very  lax  in  returning  their  harvest  report 
cards.  The  number  of  deer  reported  taken  by  Cordova  hunters  (interview  data)  is  often 
larger  than  the  harvest  indicated  by  the  statewide  harvest  report  card. 

The  Unit  6  (Prince  William  Sound)  deer  harvest  varies  from  about  500  to  1,500 
deer  per  year.  Hunters  that  go  afield  average  slightly  more  than  1  deer  and  average 
3  to  4  days  per  deer.  Hunter  success  is  variable,  but  normally  better  than  50  percent. 
Snow  conditions  influence  the  magnitude  of  the  harvest  more  than  the  size  of  the  deer 
popul ation . 

There  appear  to  be  2  basic  types  of  deer  hunting:  1)  hunting  in  alpine  areas 
early  in  the  season  prior  to  deep  snow,  and  2)  hunting  in  the  lowlands  after  snow  has 
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concentrated  the  deer  on  or  near  the  beaches.  The  alpine  hunter  is  the  avid  hunter 
who  hunts  for  the  sport  and  for  the  meat.  The  late-season,  deep-snow,  hunter  is  more 
interested  in  meat  than  sport,  and  may  not  hunt  if  deer  are  not  pushed  to  the  lower 
elevations  by  snow. 

Hawkins  Island  receives  the  majority  of  early  season  hunting  pressure.  Once  snow 
concentrates  deer  in  the  lower  elevations,  hunting  effort  shifts  to  Hinchinbrook  and 
Montague  Islands.  The  other  major  deer  islands  are  also  normally  hunted  at  this  time 
but  to  a  lesser  extent.  Local  (Unit  6)  hunters  tend  to  be  more  meat-  than  sport- 
oriented  and  probably  account  for  about  half  of  the  Unit  6  deer  harvest.  They  com¬ 
monly  utilize  commercial  fishing  boats  for  transportation  and  lodging.  They  are 
mobile  and  are  able  to  hunt  when  and  where  conditions  are  optimum.  The  visiting 
hunter  primarily  hunts  for  sport  and  concentrates  on  Montague  and  Hinchinbrook 
Islands  where  Forest  Service  cabins  are  available.  Less  than  5  percent  of  the  Prince 
William  Sound  hunters  are  non-residents. 

HabiXat-- Prince  William  Sound  deer  are  dependent  upon  climax  forest  vegetation 
rather  than  sub-climax  habitat  which  is  considered  their  normal  relationship  in  the 
"lower  48."  A  climax  forest  provides  the  essential  shelter  and  forage  necessary  to 
survive  through  the  winter  months.  Deer  could  not  survive  in  Prince  William  Sound 
without  a  climax  forest  along  the  beach  fringe. 

Prince  William  Sound  deer  have  a  fairly  small  home  range  that  includes  vertical 
migrations  with  the  changing  seasons.  A  3-1 /2-year-ol d  doe  ear-tagged  during  March, 
1967  in  Port  Etches  was  killed  by  a  hunter  on  the  same  beach  10-1/2  years  later  in 
November,  1977.  Most  likely  this  deer  had  moved  up  and  down  the  same  drainage  for  the 
past  13  years.  The  greatest  documented  movement  of  an  ear-tagged  deer  in  Prince 
William  Sound  was  a  female  fawn  tagged  in  February,  1968  at  Double  Bay,  Hinchinbrook 
Island.  It  was  killed  in  November,  1971  at  Juania  Bay,  Hinchinbrook  Island,  a 
straight  line  distance  of  9  miles.  No  major  geographic  features  separate  the  tagging 
and  kill  sites. 

Food  is  not  a  limiting  factor  during  the  snow-free  portion  of  the  year.  Some  of 
the  more  abundant  plants  utilized  by  deer  are  CoAnuA  camxdunAiA  ( bunchberry ) ,  RubuA 
pzdatuA  (trailing  bramble),  CoptdA  aAplenl^otia  (gold  thread),  Mcuanthemuni  dLLtltcitwm 
(false  Li ly-of-the-Vall ey) ,  Ly^lckiton  amo/Ucanwn  (Yellow  Skunk  Cabbage),  and 
l Jac.cA.vilim  ovoJU.  folium  (blueberry).  Realistically,  kelp  should  also  be  listed  as  a 
major  food  item  for  Prince  William  Sound  deer. 

During  the  summer,  deer  may  be  found  at  any  elevation  but  the  preferred  habitat 
is  at  or  above  timberline.  This  alpine  range  is  characterized  by  lush  meadows  of 
MaA.antke.muni  in  small  openings  of  hemlock  at  timberline  or  dwarf  hemlock  above 
timberline.  In  the  fall  after  frost  kills  the  Mcu.antke.wuw,  deer  move  down  into  the 
high  timber  country  where  CoAnuA,  Rubai ,  and  Coptic  are  abundant.  During  the  winter, 
deer  remain  just  below  the  snow  line,  moving  up  and  down  with  the  changing  snow 
depths.  They  continue  to  feed  on  evergreen  forbs  until  snow  forces  them  to  utilize 
woody  plants,  with  [/acdviium  being  the  most  important.  Usually  they  are  near  the 
beach  when  l Jaccanium  becomes  their  staple  diet.  As  l /acctntuw  becomes  scarce  they  turn 
to  kelp  for  the  bulk  of  their  diet.  If  forced  to  remain  on  the  beaches  for  an 
extended  period,  approximately  2  months,  winter  mortality  commences.  The  beach  and 
timbered  beach  fringe  is  the  most  critical  habitat  to  Prince  William  Sound  deer.  Snow 
depth  forces  deer  to  lower  elevations  until  there  is  no  place  to  go  except  onto  the 
beach.  Deep,  rutty  trails,  sometimes  shoulder  deep  to  the  deer, are  formed  between  the 
tidal  beach  and  the  beach  fringe  timber.  Their  life  evolves  around  feeding  on  kelp  at 
low  tide  and  scrounging  food  under  the  climax  canopy  along  the  beach  fringe  at  high 
tide.  Critical  winter  range  is  often  less  than  a  100-yard-wide  strip  of  forest  paral¬ 
lel  to  the  beach.  If  snow  conditions  are  not  too  severe  they  may  range  inland  approx¬ 
imately  1/4  mile.  Prince  William  Sound's  deer  winter  range  is  poor  in  quality. 
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It  has  been  overbrowsed  periodically  since  the  late  1940s  and  will  never  support  a 
large  deer  population,  as  compared  to  the  early  1940s.  Only  after  a  series  of  mild 
winters  during  which  deer  are  not  forced  onto  the  beaches  for  an  extended  period  of 
time,  will  they  become  "abundant." 

The  only  practical  way  to  preserve  critical  winter  deer  range  is  to  refrain  from 
disturbing  the  climax  forest  [Leopold  and  Barrett,  1972].  In  Prince  William  Sound, 
this  means  no  logging  within  1/4  mile  of  winter  deer  range  beaches.  Also,  forested 
areas  above  the  critical  winter  range  to  500  feet  elevation  should  be  maintained. 

This  area  provides  critical  relief  from  the  beach  fringe  during  late  fall  and  early 
spring. 

Browse  utilization  and  range  condition  data  were  collected  from  1964  to  1970  in  a 
cooperative  effort  by  the  U.S.  Forest  Service  and  Alaska  Department  of  Fish  and  Game. 
Ten  range  transects  were  established  in  Prince  William  Sound  to  determine  browse 
utilization  annually  on  key  winter  ranges.  The  technique  utilized  is  described  in  the 
Alaska  Department  of  Fish  and  Game  Annual  Segment  Report,  Project  W-6-R-3,  Work  Plan 
A  -  le.  This  method  employed  1/2  mile  transects  parallel  to  the  beach  fringe  consist¬ 
ing  of  20  permanently  marked  l /acclnium  plants.  Data  on  the  number  of  browsed  and 
unbrowsed  leaders,  plant  height  and  condition,  plus  deer  winter  mortality,  were  taken 
annually  in  the  spring.  The  browse  utilization  study  was  dropped  in  1971  because  the 
data  collected  gave  an  erroneous  impression  of  winter  range  conditions.  A  severe 
winter  would  show  relatively  little  utilization  of  MaccA.nA.um  because  it  was  covered 
with  snow.  A  mild  winter  would  show  the  same  percent  utilization  because  deer  were 
not  forced  onto  the  winter  range  for  any  duration.  It  is  interesting  that  the  7-year 
average  for  Vac.cA.nium  utilization  (annual  leader  growth)  was  61.2  percent  with  annual 
fluctuations  from  30.2  percent  to  82.0  percent.  Presently,  no  range  studies  are 
being  conducted. 

MosutaLiXy —  There  are  2  major  sources  of  mortality  to  deer  in  Prince  William 
Sound:  1)  starvation  and  2)  hunting.  Starvation  is  by  far  the  greatest  cause  of 
mortality;  but  occasionally,  hunting  can  have  a  significant  effect  upon  the  deer 
population. 

This  past  winter  (1977-1978)  proved  to  be  an  example  of  how  deer  hunting  can 
affect  the  population.  Heavy  snow  fall  in  early  November  forced  deer  onto  the  beaches 
and  basically  held  them  there  through  December.  The  winter  appeared  to  be  a  repeat  of 
the  1971-1972  winter  when  an  estimated  80  percent  of  the  Prince  William  Sound  deer 
population  was  lost  through  starvation.  Fortunately,  hunting  conditions  were  good  in 
November  and  December  and  hunters  took  large  numbers  of  deer  off  the  beaches.  By  late 
December  hunters  were  taking  deer  which  contained  little  or  no  fat.  Warm  weather 
(wind  and  rain)  in  January,  1978  caused  the  snow  to  recede  from  the  beach  fringe 
timber,  making  available  the  abundant  ConnuA,  RubuA,  and  Coptli.  A  field  reconnais¬ 
sance  trip  in  late  January  revealed  little  winter  mortality,  but  utilization  of 
Maccx.vu.um  was  estimated  at  80  percent  of  the  previous  year's  leader  growth.  In 
addition,  extensive  use  of  alder  [Alnui)  and  rusty  menziesia  [Mcnzluia  ^cKAuglnca) 
was  noted.  Rusty  menziesia  has  rarely  been  utilized  by  Prince  William  Sound  deer  in 
the  past  except  for  an  occasional  bite  or  two;  only  the  young  McnzldAzi,  about  2  feet 
tall,  had  been  browsed.  The  extensive  use  of  MaccA.nl  am,  AlnuA ,  and  Mcnzlala  indi¬ 
cated  that  by  the  end  of  December  deer  were  desperate  for  food.  Had  the  deer  harvest 
not  been  heavy,  and  in  some  areas  almost  excessive,  considerable  winter  mortality 
would  have  occurred  before  the  warm  weather  in  January  made  feed  available.  This  past 
winter  was  not  typical.  Usually  the  deer  are  not  concentrated  on  the  beaches  during 
the  hunting  season  long  enough  for  a  significant  harvest  to  occur,  and  the  majority 
of  winter  mortality  through  starvation  would  occur  in  late  winter  or  early  spring. 
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The  magnitude  of  winter  mortality  in  Prince  William  Sound  is  difficult  to 
determine.  Snow  depth  at  the  high  tide  line  during  a  severe  winter  may  be  4  to  6  feet. 
Deer  that  are  weak  often  die  on  the  beach  and  are  gradually  carried  off  by  the  next 
series  of  high  tides. 

Predation  is  not  a  significant  problem  to  Prince  William  Sound  deer.  The  majority 
of  deer  are  found  on  the  larger  Prince  William  Sound  islands  which  have  no  wolves  or 
coyotes.  Brown  bear  is  the  only  large  predator  on  Hinchinbrook  and  Montague  Islands 
but  is  usually  in  hibernation  during  the  critical  winter  months.  A  few  coyotes  are 
present  along  the  mainland  in  deer  country  (Gravina  Point  to  Rude  River)  and  probably 
take  their  toll  of  deer  during  periods  of  deep  snow.  A  few  deer  are  present  near  the 
town  of  Cordova.  They  fall  easy  prey  to  dogs  and  coyotes  when  snow  depth  restricts 
thei r  mobi 1 ity. 

Disease  has  never  been  a  problem  to  Prince  William  Sound  deer.  In  fact,  they  are 
probably  the  most  disease  and  parasi te-free  big  game  species  in  Alaska.  Occasionally 
a  deer  with  "warts"  will  be  taken  by  hunters.  These  probably  are  fibromas  or  papi 1 1  as 
—  usual ly  benign  tumors.  Only  3  to  4  cases  have  been  reported  in  the  past  9  years. 

Management-- Deer  management  in  Prince  William  Sound  has  been  largely  a  matter  of 
maintaining  liberal  seasons  and  bag  limits,  and  letting  the  hunters  harvest  what  they 
could.  The  deer  season  has  only  been  altered  twice  since  1964.  In  January,  1967  the 
season  was  extended  by  2  weeks  (with  an  increased  bag  limit  of  2  deer  of  either  sex) 
because  large  numbers  of  deer  were  concentrated  on  the  beaches.  In  1973,  the  season 
was  closed  2  weeks  early  by  emergency  order  because  of  the  large  harvest  that  had 
occurred  with  a  relatively  small  deer  population. 

According  to  the  "Alaska  Wildlife  Management  Plans"  [Alaska  Department  of  Fish 
and  Game,  1976],  which  have  not  formally  been  approved  by  the  Board  of  Game,  the 
Prince  William  Sound  deer  management  goal  is  "to  provide  the  greatest  opportunity  to 
participate  in  hunting  deer."  The  opportunity  to  participate  is  deemed  more  impor¬ 
tant  than  success  or  quality  of  the  hunt. 

The  management  philosophy  at  present  is  to  maintain  the  liberal  season  and  bag 
limits  because  hunting  has  little  effect  upon  the  deer  population.  The  season  will  be 
closed  by  emergency  order  only  when  a  small  deer  population  exists  coupled  with  a 
potentially  excessive  harvest.  Rather  than  harvest  all  the  animals  that  might  die  of 
starvation,  their  fate  will  be  dependent  upon  a  warm  trend  occurring  in  mid-winter. 

If  the  deer  population  is  "high,"  the  season  will  remain  open  regardless  of  the  magni¬ 
tude  of  the  harvest.  Prince  William  Sound  deer  range  will  never  support  a  large  deer 
population  except  following  a  series  of  mild  winters,  so  with  a  high  deer  population 
the  hunters  might  as  well  harvest  all  they  can. 

Except  in  extreme  cases,  hunting  has  little  effect  upon  the  status  of  Prince 
William  Sound  deer  populations.  Winter  snow  depth  and  duration  are  the  controlling  - 
factors.  Preservation  of  the  habitat  is  the  best  management  possible  at  present. 


SummaAy  and  ConctuAionA 


Paob£e.m&-- The  most  critical  problem  facing  deer  management  in  Prince  William 
Sound  is  maintaining  their  winter  range,  namely  preserving  the  climax  forest  within 
1/4  mile  of  the  beach.  In  southeast  Alaska,  it  has  been  estimated  that  a  clearcut 
will  take  at  least  200  years  for  a  new  forest  to  reach  the  climax  stage  where  forage 
is  again  available  to  deer  [Schoen,  1977].  Once  the  climax  forest  along  the  beach 
fringe  is  clearcut  it  is  essentially  lost  as  deer  habitat  forever.  In  the  past, 
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little  conflict  between  logging  and  deer  habitat  has  occurred  in  Prince  William  Sound 
because  the  timber  sales  were  small  and  not  in  critical  deer  habitat.  In  addition, 
the  Forest  Service  has  been  fairly  responsive  to  Alaska  Department  of  Fish  and  Game 
suggestions.  Native  selection  of  lands  for  timber  resources  in  eastern  Prince  William 
Sound  could  result  in  a  loss  of  deer  haibtat.  Also,  native  and  D-2  land  selections 
could  force  the  U.S.  Forest  Service  into  selecting  deer  habitat  for  future  timber 
sales. 

Another  potential  problem  is  oil  contamination  of  kelp  on  critical  winter  beaches. 
If  an  oil  spill  should  occur  dring  a  critical  period  when  deer  are  subsisting  on  kelp, 
it  could  be  detrimental,  perhaps  fatal  if  they  are  in  a  very  weak  condition.  A  pos¬ 
sible  solution  might  be  to  have  the  oil  company  responsible  feed  the  animals  until  the 
oil  can  be  cleaned  off  the  beaches. 

Predation  could  also  pose  a  threat  to  Prince  William  Sound  deer.  Wolves  were  not 

common  residents  of  the  Copper  River  Delta  until  recently.  The  introduction  of  moose 

to  the  Delta  during  the  1950s  and  their  rapid  increase  in  numbers  and  distribution, 
coupled  with  existing  goat  populations,  has  provided  a  food  base.  If  wolves  should 
become  established  in  Prince  William  Sound  on  the  major  deer  islands,  they  would  dras¬ 
tically  affect  deer  abundance.  Deer  would  be  extremely  vulnerable  to  wolf  predation 

in  most  winters  because  of  the  very  narrow  and  limited  winter  range. 

Thz  fautu/LZ—  ,e  future  of  deer  in  Prince  William  Sound  is  neither  good  nor  bad. 
Deer  have  existeo  in  the  Prince  William  Sound  region  for  over  60  years.  They  have 
dispersed  throughout  the  South  and  occupy  all  suitable  habitat.  Thus,  it  is  a 
"stable,"  established  population  that  is  likely  to  be  around  for  a  good  many  years  if 
their  habitat  is  protected. 

Hunters  must  be  made  aware  of  the  limited  winter  range  and  that  Prince  William 
Sound  deer  abundance  will  fluctuate  considerably  with  the  severity  of  future  winters. 

It  is  not  a  realistic  possibility  to  improve  the  forage  along  the  beach  fringe,  nor  is 
it  economically  feasible  for  the  State  to  feed  deer  during  the  winter  months  as  is 
done  in  some  West  Coast  states. 

A  baseline  study  of  deer  dependency  upon  the  beach  and  beach  fringe  timber,  as 
influenced  by  snow  depth  and  duration,  would  be  extremely  beneficial  in  better  under¬ 
standing  and  anticipating  population  fluctuations.  At  present,  the  future  of  Prince 
William  Sound  deer  rests  in  maintaining  the  climax  forest  along  the  beach  fringe. 
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History  and  Current  Status 
of  Sitka  Black- tailed  Deer 

in  the  Kodiak  Archipelago 


by 


Roger  B.  Smith 

Alaska  Department  of  Fish  and  Game,  Kodiak 


Introduction 


In  the  Kodiak  Archipelago,  populations  of  the  introduced  Sitka  black-tailed  deer 
[OdocoileuA  hcmionuA  Aitkcndti )  inhabit  vegetative  associations  quite  distinct  from 
deer  ranges  in  the  rest  of  Alaska.  Deer  populations  are  still  expanding  into  pre¬ 
viously  unoccupied  or  lightly  occupied  ranges.  Concurrent  with  this  range  expansion, 
a  decline  in  the  population  in  areas  first  occupied  by  deer  is  evident.  The  direction 
of  deer  management  has  evolved  from  a  protective  phase,  through  a  conservative  phase, 
and  into  an  exploitive  phase  as  deer  populations  have  expanded.  This  paper  will  re¬ 
view  the  history  of  the  transplant  and  subsequent  pattern  of  occupation  of  the  Kodiak 
Archipelago  by  deer.  Deer/habitat  relationships,  natural  mortality,  harvest  patterns, 
and  management  problems  will  also  be  discussed. 

Vu cAiptlon  Of)  cutca-- Karl strom  [1969]  provides  an  accurate  description  of  the 
topography,  climate,  and  geology  of  the  Kodiak  Archipelago.  The  Archipelago  is  a 
group  of  islands  extending  177  miles  in  a  southwesterly  direction  off  the  southern 

tip  of  the  Kenai  Peninsula  (fig.  1).  The  area  is  mountainous  with  maximum  elevations 

above  4,000  feet.  The  2  largest  islands,  Kodiak  and  Afognak,  are  characterized  by 
steep  bluffs  descending  into  numerous  long  glacially-scoured  straits  and  fiords.  The 
islands  in  the  Archipelago  cover  an  area  of  approximately  5,000  square  miles.  Seldom 
do  temperatures  fall  below  0°  F  and  average  annual  precipitation  is  about  60  inches, 
although  much  local  variation  in  rainfall  and  temperature  occurs. 

The  vegetation  of  the  Kodiak  Archipelago  can  be  classified  into  3  major  types. 
Batchelor  [1965]  describes  the  Sitka  spruce  [Pice.a  AitchenAiA)  type  which  covers 

Afognak,  Shuyak,  Raspberry,  and  much  of  northeastern  Kodiak  Island.  Most  of  Kodiak 

Island  is  dominated  by  a  grass-brush  type.  Alder  (A tnuA  Ainuata)  stands  are  inter¬ 
spersed  with  dense  meadows  of  sal  monberry  (Rubai  ApectabUtiA)  and  grass  {CalamagroAtlA 
canadcnAiA ) .  Cottonwood  {PopuZuA  balAamifi&na)  and  birch  [BctuZa  ke.ncu.ca)  occupy 
valleys  and  lower  foothills.  Approximately  the  southwestern  quarter  of  Kodiak  is 
occupied  by  tundra  vegetation  of  willows  (SaJLLx  spp.)  and  heath  plants,  including 
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Figure  1.  Location  map  of  major  islands  in  Kodiak  Archipelago, 
Alaska. 
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crowberry  (Empetxum  nigrum),  bearberry  [AnctoAtaphyloA  uva-uAAl)  and  low  cranberry 
( Vacclnlam  vitU-idaza) .  Hulten  [1969]  described  this  vegetative  type  in  detail. 


VlAcuAAlon 


Hlstoay  o j  tianA plant  and  population  VizndA- -Fourteen  deer,  captured  in  the  Sitka 
area,  were  released  in  1924  on  Long  Island,  about  4  miles  east  of  the  town  of  Kodiak 
[Burris  and  McKnight,  1973].  Two  more  deer  were  placed  there  in  1930.  A  small  popu¬ 
lation  of  deer  became  established  on  this  spruce-forested  island  approximately  3 
square  miles  in  area.  Although  reports  are  sketchy,  apparently  it  was  intended  that 
deer  moving  from  Long  Island  would  eventually  stock  Kodiak  Island.  Long  Island  is 
separated  from  Kodiak's  mainland  by  some  smaller  islands  and  deer  would  have  to  swim  a 
maximum  of  1  mile  between  adjacent  islands.  A  1931  Alaska  Game  Commission  report 
mentioned  that  3  does  and  2  bucks  had  been  seen  on  Kodiak.  An  additional  transplant 
seemed  appropriate  and  in  1934  4  bucks  and  5  does  were  released  on  Kodiak  Island.  If 
the  1931  Game  Commission  report  was  accurate,  deer  had  probably  already  become  estab¬ 
lished  on  Kodiak  when  the  1934  transplant  was  accomplished. 

The  Long  Island  deer  population  was  estimated  at  80  deer  in  1938,  according  to 
Palmer  [Rhode,  1948].  Jack  Benson,  Wildlife  Agent  in  Kodiak,  in  a  March,  1941  letter 
to  the  Alaska  Game  Commission,  detailed  a  proposal  to  move  the  Long  Island  deer  herd 
to  Afognak  Island  in  anticipation  of  planned  military  fortification  which,  he  felt, 
would  doom  the  Long  Island  deer  herd.  The  transplant  was  not  initiated  and  deer  were 
reduced  to  a  low  level  when  the  Island  was  occupied  by  extensive  military  install¬ 
ations  during  the  1940s.  Only  an  occasional  straggler  occupies  Long  Island  today  as 
cattle  grazing,  maturation  of  the  spruce  forest,  and  high  recreational  use  of  the 
Island  have  seriously  diminished  the  habitat. 

Back  on  Kodiak's  mainland,  the  1940s  found  deer  rapidly  occupying  the  north¬ 
eastern  corner  of  the  Island.  By  1950,  deer  were  quite  common  near  the  town  of  Kodiak 
and  the  first  hunting  season  was  held  in  1953.  During  that  3-day  August  season,  200 
hunters  took  38  bucks,  mostly  from  the  Chiniak  Bay  drainages.  According  to  Chapados 
[1953],  deer  populations  were  still  increasing  on  northeastern  Kodiak  in  the  early 
1950s.  While  the  nucleus  of  the  population  inhabited  the  Chiniak  Peninsula  and 
Chiniak  Bay  drainages,  deer  had  already  moved  as  far  south  and  west  as  Ugak  Bay, 

Terror  Bay,  and  Uganik  Island.  Reports  of  deer  on  Whale,  Raspberry,  Afognak,  and 
Shuyak  Islands  were  becoming  more  common.  Hoffman  [1953]  reported  the  first  observa¬ 
tion  of  deer  wintering  in  the  Pasagshak  Bay  area  in  1953. 

During  the  1952-1953  winter,  11  deer  were  found  dead  of  apparent  malnutrition  on 
the  Chiniak  Peninsula  [Hoffman,  1953].  The  same  report  stated  that  the  browse  on  the 
winter  ranges  did  not  appear  overutilized.  The  first  season  in  1953  followed  the 
first  reported  significant  mortality  from  winter  starvation. 

The  remainder  of  the  1950s  decade  was  marked  by  a  rapidly  increasing  population 
spreading  southward  along  Kodiak  Island.  In  1958,  25  percent  of  the  harvest  was  taken 
in  areas  remote  from  the  road  system  on  northeastern  Kodiak  [Troyer,  1958].  By  1955, 
Troyer  [1955]  estimated  that  half  the  deer  population  was  found  outside  the  road 
system  drainages.  Although  Troyer  then  opined  that  either-sex  hunting  would  probably 
constitute  good  management,  it  wasn't  until  1959  that  a  3-day  doe  hunt  was  held.  The 
annual  harvest  continued  to  increase  as  seasons  became  more  liberal  and  deer  popu¬ 
lations  expanded.  The  average  annual  harvest  during  the  1957-1959  period  was  about 
200  bucks. 
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Whether  by  coincidence  or  consequence,  the  estimated  Kodiak  deer  harvest  nearly 
doubled  when  the  State  of  Alaska  assumed  administration  of  its  wildlife  in  1960.  A 
trend  toward  liberalization  of  harvest  in  the  1960s  began  when  the  bag  limit  was  raised 
to  2  deer  in  1960. 

Bathelor  [1962]  observed  that  the  major  deer  ranges  occupied  by  the  early  1960s 
were  in  the  Sitka  spruce  climax  forest  of  northeastern  Kodiak  and  nearby  islands.  He 
observed  that  deer  were  found  nearly  exclusively  in  the  spruce  zone  in  bad  weather. 

He  felt  that  spruce  cover  was  a  primary  requirement  for  establishing  substantial  deer 
populations,  although  acknowledging  that  Uganik  Island,  a  relatively  sparsely  forested 
area,  was  already  one  of  the  major  deer  winter  ranges. 

Merriam  [1964]  reported  that,  by  1963,  the  deer  population  in  the  Chiniak  Bay 
drainages  had  declined  appreciably,  despite  a  series  of  apparently  mild  winters  and 
little  observed  mortality  other  than  from  hunting.  In  1960,  41  percent  of  the  harvest 
was  recorded  from  the  drainages  along  the  road  system  between  Kalsin  and  Women's  Bays 
and  this  had  declined  to  only  7  percent  in  1962.  Merriam  felt  that  overhunting  may 
have  contributed  to  the  decline  and  that  areas  without  spruce  forests  were  more  likely 
to  be  overharvested.  Erickson  [1958]  observed  that  competition  between  deer  and  cattle 
was  occurring  near  the  ocean  fringe  in  the  Chiniak  Bay  drainages.  The  lowlands  near 
the  ocean  became  critical  range  during  periods  of  heavy  snow  cover.  Erickson  noted 
that  willow  [Satlx  spp.)  and  blueberry  ( l/accinxwv  ovaJLL^oLLum) ,  prime  deer  browse 
species,  were  also  browsed  heavily  by  cattle.  He  believed  that  cattle  were  primarily 
responsible  for  range  deterioration.  Recognizing  that  limited  winter  range  was  pro¬ 
bably  responsible  in  part  for  the  decline,  and  observing  that  populations  were  build¬ 
ing  in  other  areas,  Erickson  recommended  instituting  an  either-sex  season  encompassing 
the  month  of  December,  when  deer  would  be  vulnerable  to  hunting. 

A  record  estimated  harvest  of  1,040  deer  occurred  in  1965  during  a  season  extend¬ 
ing  from  August  through  December  31.  Over  400  deer  (42  percent)  were  taken  on  the 
Chiniak  Peninsula  excluding  the  Kalsin  Bay-Women's  Bay  drainages  where  the  population 
had  declined  and  had  a  more  restrictive  season.  Another  harvest  record  was  set  in 
1967  when  an  estimated  1,500  deer  were  taken  following  a  winter  with  only  light  natural 
mortality.  The  following  year,  the  harvest  rose  to  2,100,  with  50  percent  of  the 
harvest  from  the  Chiniak  Peninsula;  the  Chiniak  Peninsula  was  probably  at  a  population 
high  then  and  has  subsequently  declined.  The  Chiniak  Peninsula  area  today  has  the  best 
deer  population  in  the  part  of  northeastern  Kodiak  Island  accessible  by  road,  but  is 
still  far  below  the  mid-1960s  level,  despite  relatively  light  hunting  pressure.  Much 
of  the  Chiniak  Peninsula  is  only  lightly  grazed  by  cattle  compared  to  the  drainages  in 
which  the  early-1960s  decline  was  recorded.  Extreme  browsing  of  willow  by  deer  is 
apparent  along  the  ocean  fringe  wintering  areas  where  cattle  use  is  lighter  or 
non-existent.  Overall  range  quality  has  undoubtedly  declined  to  well  below  the  former 
carrying  capacity. 

During  the  1969-1970  winters,  unusually  severe  cold  and  heavy  snows  resulted  in 
heavy  mortality  from  starvation.  Despite  the  low  deer  population,  hunters  took  870 
and  915  deer  following  those  respective  winters.  Although  54  percent  of  the  harvest 
in  1971  came  from  the  area  accessible  by  road,  hunters  were  taking  deer  on  Afognak, 
Raspberry,  Whale  and  Uganik  Islands  and  about  10  percent  of  the  harvest  occurred  even 
further  south  on  Kodiak  Island. 

A  general  upward  trend  in  the  Game  Management  Unit  8  deer  population  has  occurred 
since  the  1970-1971  winter.  During  the  past  decade  deer  have  populated  most  of  the 
available  deer  habitat  on  Kodiak,  Afognak  and  adjacent  islands.  Low  densities  of  deer 
have  inhabited  even  the  tundra  habitat  of  southwestern  Kodiak  Island.  Reports  of  deer 
sightings  in  Deadman  Bay,  Olga  Bay,  Karluk  Lake  and  Sturgeon  River  drainages  have 
become  more  frequent  in  the  past  5  years.  Afognak  Island,  Raspberry  Island,  and 
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Shuyak  Island  deer  populations  have  increased  steadily  since  1971  and  are  probably  at 
an  all-time  high. 

Shifts  in  harvest  patterns  have  followed  the  changes  in  distribution  of  high 
populations.  In  1971  only  10  percent  of  the  Unit  8  harvest  was  recorded  from  Afognak, 
Shuyak,  and  Raspberry  Islands.  During  the  1975,  1976,  and  1977  seasons,  approximately 
30  percent  of  the  annual  harvest  came  from  these  islands--an  estimated  547  deer  were 
taken  on  these  islands  in  1977,  the  largest  take  on  record.  Harvest  has  increased 
along  the  westernmost  bays  south  of  Uganik  Island  in  the  '70s,  reaching  a  peak  in  1976 
with  34  percent  (367  deer)  of  the  Unit  8  harvest.  Distribution  of  the  1977  estimated 
harvest  is  illustrated  in  fig.  2. 

PeeA  habitat  aoJiatton*htp^  and  ^ ood  habit*-- The  diversity  of  habitats  which  now 
support  deer  populations  belies  the  early  predictions  of  Batchelor  [1962]  who  believed 
spruce  cover  to  be  a  requirement  for  establishing  significant  deer  herds.  The 
grass-brush  vegetation  type  which  covers  most  of  Kodiak  Island  now  supports  higher 
densities  of  deer  than  any  of  the  predominantly  spruce  habitat.  Batchelor  apparently 
felt  that  the  grass-brush  vegetation  on  most  of  Kodiak  Island  would  not  provide  suf¬ 
ficient  winter  cover  for  deer.  However,  Batchelor  underestimated  the  adaptability  of 
the  Sitka  blacktail  to  non-coni ferous  habitat.  The  density  of  the  cottonwood,  birch 
and  alder  thickets  is  sufficient  to  provide  considerable  protection  from  the  frequent 
storm  winds  and  precipitation  affecting  the  Kodiak  area.  Moreover,  the  diverse  and 
relatively  more  abundant  foods  found  in  the  grass-brush  association  appear  to  be 
capable  of  supporting  more  deer  than  spruce  habitat,  at  least  in  the  early  years  of 
occupation.  During  persistent  deep  snow  conditions  in  this  vegetation  type,  deer  are 
susceptible  to  heavy  winter  losses  as  Batchelor  predicted.  However,  observations 
indicate  that  the  northern  Kodiak  and  the  Afognak  Islands  group  frequently  receive 
heavier  and  more  persistent  snowfall  than  the  southern  and  western  part  of  Kodiak 
Island.  Deer  in  southwestern  and  central  western  Kodiak  are  less  often  subject  to 
heavy  snow  conditions  and,  therefore,  have  increased  chances  for  survival  during  most 
winters.  Snow  accumulations  on  Kodiak  often  do  not  exceed  1  to  2  feet  on  most  of  the 
deer  winter  ranges  below  500  feet  elevation.  Rainy  periods  characteristically  occur 
intermittently  all  winter,  melting  and  crusting  snow  below  500-1,000  feet  elevation. 
Deer  sometimes  range  freely  during  the  winter  to  above  1,000  feet  into  the  edge  of 
alpine  areas  which  are  normal  summer  and  early  fall  ranges.  The  rain-  and  wind-crusted 
snow  sometimes  easily  supports  an  adult  deer  when  temperatures  are  below  freezing. 

With  warming  temperatures  and  rain,  snow  becomes  soft  and  may  not  support  deer.  Deer 
are  sometimes  seen  moving  freely  over  snow  3  or  more  feet  in  depth,  foraging  in  willow 
and  alder  thickets  and  on  wind-blown  heath  knolls  at  800  to  over  1,000  feet  elevation. 
The  advent  of  warming  temperatures ,  rain  or  additional  snowfall  may  cause  deer  to 
become  entrapped  at  higher  elevations  where  they  subsequently  starve.  It  is  not  un¬ 
usual  to  find  deer  carcasses  in  such  situations  during  winters  with  high  snowfall. 

The  occasional  availability  of  these  higher  winter  ranges  is  probably  a  positive  sur¬ 
vival  factor. 

Deer  move  into  alpine  ranges  in  late  June,  depending  on  snow-melt  patterns  and 
phenology.  There  is  by  no  means  a  complete  shift  of  deer  populations  to  the  alpine 
areas,  as  some  deer  are  found  at  all  elevations  during  summer.  The  al pi ne-subal pine 
range  receives  heavy  use  until  mid-September  when  freezing  weather  desiccates  her¬ 
baceous  plants  and  occasional  snowfall  begins  at  higher  elevations. 

Evaluation  of  Kodiak's  deer  habitat  is  limited  by  scanty  quantitative  data  on 
food  habits  and  distribution  and  abundance  of  major  food  plants.  Feeding  observations, 
examination  of  browsed  vegetation,  and  limited  analysis  of  rumen  contents  provide  some 
insight  into  deer  food  habits.  Merriam  [1964],  in  observing  deer  feeding  in  alpine  and 
sub-alpine  summer  range,  noted  that  fi reweed  (Epilobtum  angustifiolttm)  was  a  primary 
summer  food.  Red-berried  elder  ( Sambucu *  aacmo*a) ,  Nootka  rose  (Ro*a  nutkana) , 
salmonberry,  cow  parsnip  (HeAacte.um  tanatum) ,  reedgrass,  and  hairgrass  ( V ez> champ-6 ta  sp. ) 
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were  fed  upon  to  a  lesser  extent.  Merriam  [1968]  noted  that  on  Kodiak  deer  use  many 
species  of  food  plants  not  generally  found  or  used  on  other  Alaskan  deer  ranges.  Rumen 
samples  he  examined,  which  were  collected  in  November  and  December,  contained  substan¬ 
tial  amounts  of  alder,  spruce,  willow,  bearberry,  crowberry,  fireweed  [EpUtobium 
anguAUtfioJUum)  and  various  grasses.  Spruce  and  alder  are  not  preferred  foods  and  use 
of  these  species  probably  indicates  poor  range  condition  or  unavailability  of  forage 
due  to  snow  cover. 

Alexander  [1968]  used  the  point-frame  method  to  analyze  49  deer  rumen  samples 
collected  during  December  through  March.  Sampling  rumen  material  from  deer  taken  in 
both  spruce  and  grass-brush  habitat,  he  noted  that  diversity  and  probable  nutritional 
quality  of  food  species  in  non-spruce  areas  was  much  greater  than  in  spruce  areas.  He 
found  12  species  of  plants  in  deer  rumens  from  spruce  habitat  including  cranberry, 
salmonberry,  crowberry,  fireweed,  alder,  spruce,  kelp,  lichens,  and  various  grasses. 

He  found  7  additional  species  used  in  the  grass-brush  areas,  including  highbush  cran¬ 
berry  {[/ibu/mum  eduZe) ,  bearberry,  skunk  cabbage  (Ly&ichUton  ame.sUca.num),  ground  dog¬ 
wood  (CoAnuA  canadenAU>) ,  fern  [VayopteAZ 6  auA&Uaca)  and  birch.  Alexander's  study 
indicated  that  foraging  on  spruce  increased  as  the  winter  progressed,  as  did  use  of 
kelp.  Although  spruce  showed  the  highest  frequency  of  occurrence  and  volume, 
red-berried  elder  and  willow  appeared  to  be  the  next  most-heavi ly  used  plants  in  the 
spruce  habitat.  Crowberry,  low  cranberry,  willow,  salmonberry,  Nootka  rose,  and 
red-berried  elder  appeared  to  be  the  most  commonly  used  plants  in  non-spruce  areas. 

The  high  use  of  kelp,  alder,  and  spruce  was  evidence  to  Alexander  that  deer  took  foods 
of  poor  nutritional  quality  on  spruce  range. 

Steep,  windblown,  and  southerly-exposed  hillsides  are  commonly  used  winter  feed¬ 
ing  areas.  Deer  forage  on  the  rhizomes  and  petioles  of  the  fern,  AtkysUum  ^UUx-^emlna, 
which  is  abundant  on  many  sites.  Hjeljord  [1971]  noted  that  this  fern  was  the  major 
food  of  mountain  goats  during  1  winter  when  he  was  studying  food  habits  on  Kodiak 
Island.  The  1 ateral ly-spreading  form  of  the  abundant  alder  intercepts  snow,  resulting 
in  less  accummul ation  under  its  stem,  thereby  facilitating  goat  feeding  on  the  growing 
fern  beneath,  according  to  Hjeljord.  I  have  observed  deer  feeding  in  similar  sites, 
sometimes  pawing  through  12  to  18  inches  of  snow  to  feed  on  the  fern.  Hjeljord 
reported  that  the  plant  is  rich  in  nitrogen-free  extract. 

The  windblown  capes  and  bluffs  at  the  mouth  of  bays  and  along  ocean  entrances  are 
favored  wintering  areas  through  the^  Kodiak  Archipelago.  Scattered  heath  patches  are 
found  near  sea  level  in  these  areas  and  deer  forage  heavily  on  crowberry,  low  cranberry 
and  bearberry.  On  some  ranges  these  heath  knolls  are  noticeably  denuded  by  deer 
browsing.  Cottonwood,  birch,  and  scattered  spruce  pathces,  dense  alder  thickets  along 
steep  draws  provide  cover. 

Red-berried  elder  is  one  of  the  most  heavily  used  browse  species  on  most  of  Kodiak. 
The  elder  grows  abundantly  in  association  with  the  ubiquitous  alder  thickets.  Deer 
strip  the  bark  from  the  larger  stems  and  take  tops  of  the  smaller  stems.  Highbush 
cranberry  is  a  highly  preferred  species,  often  occurring  as  widely  dispersed  single 
plants.  This  species  is  severely  browsed  on  northeastern  Kodiak  where  deer  have  been 
present  longest.  The  plant  is  much  more  abundant  on  the  west  side  of  Kodiak,  often 
forming  small  thickets.  A  local  resident  reported  that  the  cranberry  crop  in  the 
Uganik  Bay  area  noticeably  declined  after  deer  occupied  the  area.  The  plant  may  be  a 
good  indicator  of  the  intensity  of  deer  range  utilization. 

Afognak's  deer  undoubtedly  use  many  of  the  same  food  plants  used  on  Kodiak  as  the 
meadows  and  forest  openings  contain  some  of  the  same  species.  Blueberry  is  fairly 
abundant  in  spruce  habitat  and  receives  heaviest  use  under  mature  spruce  forest  adja¬ 
cent  to  capes.  Only  light  overall  use  of  blueberry  in  the  Afognak  Island  area  is 
apparent,  but  deer  populations  have  been  low  until  recently  and  it  may  be  a  much  more 
important  browse  species  than  is  indicated.  Afognak  generally  has  deeper  and  more 
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persistent  snow  than  most  of  Kodiak  and  deer  do  use  beach  timber  fringes  during  severe 
winters.  During  many  winters,  however,  rains  and  warmer  temperatures  prevent  heavy 
snow  accumulations.  When  heavy  snows  do  occur,  the  coastal  timber  becomes  critical 
for  providing  deer  with  cover  and  food. 

HaZaAdl  moJitaLUty- -Overwinter  mortality  is  assessed  each  spring  by  searching 
predetermined  sections  of  coastal  winter  ranges  much  as  Klein  [1956]  described  for 
black-tailed  deer  in  southeast  Alaska.  Deer  are  not  forced  onto  the  beaches  in  most 
of  the  grass-brush  habitat  of  Kodiak,  as  occurs  in  the  coastal  forest  areas  of  south¬ 
eastern  Alaska  and  Prince  William  Sound.  Snow  depths  comparable  to  those  of  south¬ 
eastern  Alaska  are  seldom  recorded  on  Kodiak.  Deer  generally  range  over  a  broader  band 
of  coastal  winter  range  and  frequently  move  up  and  down,  elevationally ,  with  changing 
snow  conditions.  While  some  deer  may  die  close  to  the  beach  during  heavy  snow  periods, 
others  move  away  when  rapid  snowmelt  occurs,  subsequently  dying  some  distance  from  the 
beach  where  they  are  less  likely  to  be  found  during  the  spring  searches. 

The  highest  mortality  recorded  for  Kodiak  was  1.3  deer  per  mile  after  the  severe 
1970-1971  winter.  The  population  was  at  a  low  then  and  much  greater  mortality  probably 
would  have  been  recorded  with  a  higher  population.  Winter  mortality  on  Kodiak,  as 
indicated  by  searching  beach  transects,  does  not  appear  to  be  as  extensive  as  in  much 
of  southeastern  Alaska.  Less  severe  winter  conditions,  wider  elevational  disperal  of 
deer  in  winter  ranges,  and  better  quality  winter  range  with  a  shorter  history  of  occu¬ 
pation  by  deer  may  explain  the  relatively  high  survival  of  Kodiak's  deer  populations. 
With  the  lush  herbaceous  growth  available  on  the  summer  range,  deer  may  enter  most 
winters  with  good  fat  reserves.  It  is  not  unusual  to  find  significant  backfat  on 
mature  bucks  in  late  December,  well  after  the  rut.  In  northeastern  Kodiak  Island, 
with  the  longest  history  of  occupancy  by  deer  populations,  some  starvation  losses 
occur  during  most  winters,  indicating  that  winter  range  is  overutilized  and  much  below 
its  former  carrying  capacity.  Some  fawns  are  rather  quickly  lost  to  starvation  when 
snow  is  deep  enough  to  significantly  hamper  their  movements. 

Accidents  account  for  minor  losses  of  deer.  Most  occur  during  the  winter  when 
trails  along  cliffs  become  icy.  Drowning  accounts  for  a  few  deer  who  venture  onto 
soft  ice  in  lakes  and  protected  bays  or  are  injured  and  trapped  by  tides. 

Predation  and  chasing  by  dogs  accounts  for  an  undertermined  number  of  deer 
mortalities.  Packs  of  free-roaming  dogs  are  especially  common  near  the  town  of  Kodiak 
and  other  areas  of  human  settlement.  Deer  frequently  attempt  to  escape  pursuit  by 
swimming.  Two  adult  deer  were  rescued  from  Women's  Bay  during  the  1973-1974  winter 
after  being  chased  by  dogs.  One  was  released,  apparently  in  good  condition  after 
being  dried  and  confined  overnight.  The  other  deer  died  of  apparent  exhaustion  within 
a  few  minutes  after  rescue.  Examination  of  femur  marrow  indicated  that  this  deer,  a 
buck  estimated  at  6  years  of  age,  was  in  good  condition.  Another  dead  buck,  cornered 
against  a  corral ,  showed  severe  hemorrhage  from  dog  bites  in  the  hindquarters  but 
apparently  died  of  exhaustion.  Most  deer-dog  incidents  occur  when  snowfall  brings 
deer  to  low  elevations. 

Although  brown  bear  sometimes  feed  on  deer  carcasses,  there  are  no  recorded  inci¬ 
dents  of  brown  bear  predation  on  deer  in  the  Kodiak  area.  Given  the  opportunistic 
nature  of  brown  bear,  predation  on  deer  undoubtedly  occurs,  but  is  not  a  significant 
limiting  factor  on  deer  populations. 

M 'anage.me.nt  and  kaJiveAt  akaAacd:eAsU>£icJ>--l\n  expanding  deer  herd  and  the  remote 
location  of  some  of  the  best  deer  populations  dictate  that  management  be  directed 
toward  achieving  increased  harvest.  A  5-month  season,  beginning  August  1  and  ending 
December  31,  and  a  3-deer  limit  went  into  effect  in  1963  over  most  of  Kodiak  and 
adjacent  islands.  In  1971,  the  bag  limit  was  raised  to  4  deer.  The  season  was 
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extended  through  January  15  in  1978.  Despite  the  liberal  bag  limit,  long  season,  and 
either-sex  hunting,  harvest  lags  far  behind  being  proportional  to  population  increases. 

Accessibility  of  hunting  areas  is  the  singlemost  important  factor  determining 
hunting  pressure.  Many  areas  on  eastern  Afognak  and  western  Kodiak  Islands  have  high 
deer  populations  but  are  only  lightly  hunted.  Float-equipped  or  amphibious  aircraft 
and  fishing  boats  are  used  almost  exclusively  to  reach  the  more  remote  hunting  areas. 
The  presence  of  a  large  fishing  fleet  in  Kodiak  provides  many  boat  owners  and  their 
friends  an  opportunity  to  hunt  remote  areas  in  relative  luxury.  The  tempestuous  nature 
of  Kodiak's  weather  frequently  postpones  hunting  trips  by  even  the  largest  of  the 
fleet,  however.  Trips  to  the  west  side  of  Kodiak,  where  deer  populations  are  highest, 
involve  passage  through  Shelikof  Strait,  one  of  the  most  notoriously  hazardous 
stretches  of  water  in  Alaska.  Some  rather  spectacular  hunts  are  accomplished,  as  a 
single  fishing  boat  may  bring  in  25  or  more  deer.  Occasional  complaints  of  excessive 
harvest  are  received  when  people  observe  large  numbers  of  deer  carcasses  hanging  from 
the  rigging  of  boats  as  they  return  to  the  harbor.  Although  some  of  the  large  boat 
hunts  take  numerous  deer,  many  are  more  of  social  than  subsistence  ventures.  The 
characteri sti c  cruising  and  searching  until  an  animal  is  spotted  is  closely  akin  to 
"road  hunting. " 

Approximately  50-60  percent  of  the -estimated  annual  harvest  is  taken  by  hunters 
using  boats  for  transportation .  Probably  half  of  this  harvest  is  taken  by  hunters 
using  small  skiffs,  but  the  type  of  boat  used  is  not  recorded  in  compiling  harvest 
data.  Small  skiffs  and  cabin  cruisers  do  provide  transportation  to  many  hunters 
residing  in  Kodiak  and  outlying  villages.  The  southern  coast  of  Afognak  Island  and 
Raspberry  Island  receive  much  of  the  hunting  pressure  by  skiff  hunters  from  Kodiak. 

Many  skiff-borne  hunters  seek  trophy  bucks  and  go  hunting  nearly  every  suitable  week¬ 
end  during  the  season. 

Approximately  20-30  percent  of  the  annual  harvest  is  taken  by  hunters  using  pri¬ 
vate  or  commercial  aircraft  for  transportation .  Less  than  5  percent  of  the  harvest  is 
taken  by  hunters  using  their  own  aircraft.  A  few  beaches  are  suitable  for  wheelplane 
operations,  but  amphibious  and  float-equipped  charter  aircraft  provide  most  of  the 
service  to  hunters.  Floatplane  use  is  limited  to  the  more  protected  bays,  lagoons  and 
some  lakes,  prior  to  freeze-up.  Many  of  the  outer  capes  with  high  deer  numbers  also 
have  rough  seas  which  prohibit  landings  except  on  the  rare  calm  days.  Frequent  windy, 
rainy,  and  foggy  fall  weather  further  limit  the  use  of  aircraft. 

The  cost  of  commercial  aircraft  transportation  also  limits  its  use  by  deer 
hunters,  particularly  for  the  more  remote  areas  with  high  deer  populations.  A  typical 
hunting  party  of  3  might  spend  $500-600  to  charter  a  Grumman  amphibian  for  a  round 
trip  to  the  better  hunting  areas. 

The  lack  of  good  shelter  discourages  deer  hunting  to  some  extent.  Approximately 
2/3  of  Kodiak  Island  is  within  the  Kodiak  National  Wildlife  Refuge  which  provides  only 
a  few  public-use  cabins  in  good  deer  hunting  areas.  There  are  numerous  cabins  on  the 
Refuge  which  are  under  special  use  permits  for  salmon  set-netting  and  these  have  been 
available  to  a  limited  extent  for  use  by  hunters  prior  to  1977.  In  1977  the  Refuge 
prohibited  use  of  these  cabins  for  activities  other  than  salmon  fishing.  Some  cabins 
on  private  lands  are  available  to  deer  hunters  when  unoccupied.  The  U.S.  Forest  Ser¬ 
vice  maintains  a  limited  number  of  public-use  cabins  on  Afognak,  but  all  are  not 
located  in  good  hunting  areas. 

Although  the  hunting  season  begins  in  late  summer,  only  about  10  percent  of  the 
annual  harvest  is  taken  during  August  and  September  when  deer  are  frequenting  alpine 
areas.  Effort  picks  up  in  October  as  the  dense  vegetation  dies  back  with  the  onset  of 
freezing  temperatures  and  occasional  snows.  Weather  conditions  largely  determine  the 
chronology  of  the  harvest  during  the  last  3  months  of  the  year.  It  is  not  unusual  for 
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a  hunter  to  spend  up  to  a  week  waiting  in  Kodiak  for  suitable  flying  or  boating 
weather.  Usually  deer  become  more  accessible  later  in  the  season  as  they  move  down 
into  winter  ranges.  Sometimes  significant  snowfall  does  not  occur  during  the  season 
and  deer  remain  widely  dispersed. 

During  1977,  the  estimated  harvest,  based  on  a  telephone  survey  of  9  percent  of 
the  Kodiak  hunting  license  purchasers,  was  1,868  deer.  This  was  the  highest  harvest 
since  1974,  but  represents  a  minimum  estimate.  Nine  hundred  fifty-seven  hunters  were 
estimated  to  have  pursued  deer.  The  telephone  survey  does  not  sample  residents  of 
outlying  villages,  hunters  under  16  years  old,  hunters  without  licenses,  or  hunters 
who  purchase  licenses  somewhere  other  than  Kodiak.  Analysis  of  1975  harvest  report 
returns  indicated  that  18  percent  of  the  kill  was  taken  by  residents  of  other  areas  of 
Alaska.  The  harvest  is  probably  at  least  30  percent  greater  than  that  estimated  from 
telephone  hunter  interviews.  Using  the  30  percent  correction,  the  1977  harvest  was 
about  2,500  deer.  Deer  hunting  pressure  by  residents  of  other  areas  of  Alaska  appears 
to  be  increasing  with  recent  restrictions  in  seasons  for  moose  and  caribou. 

Deer  hunting  in  Unit  8  is  both  a  recreational  and  food-gathering  pursuit  for  most 
hunters.  Although  venison  is  highly  valued  for  food,  most  hunters  have  either  perma¬ 
nent  or  seasonal  employment  and  are  not  dependent  on  deer  for  food.  Some  families 
with  more  than  1  hunter  do,  however,  fill  much  of  their  red  meat  demand  with  venison. 
Some  residents  of  outlying  areas  and  villages  hunt  deer  all  year  and  probably  depend 
fairly  heavily  on  venison  for  food,  thus  freeing  their  cash  for  other  needs.  Approxi¬ 
mately  75  percent  of  the  hunters  interviewed  in  1977  took  more  than  1  deer,  further 
indicating  the  desirability  of  venison  for  food.  At  40  pounds  of  meat  per  deer  and  a 
harvest  of  2,500  deer,  the  1977  harvest  represents  100,000  pounds  of  venison. 

The  fact  that  60-70  percent  of  the  deer  reported  taken  are  males  indicates  trophy 
selection  is  common.  In  the  1971  edition  of  Records  of  Alaska  Big  Game,  26  of  35 
(74  percent)  deer  listed  were  killed  on  Kodiak.  One  Kodiak  sport  shop  sponsors  a 
highly  popular  "big  buck"  contest.  It  is  rumored  that  a  few  local  hunters  far  exceed 
the  bag  limit  each  year  seeking  large  trophy  antlers. 


SimmaAy  and  CcmcZuA-lonA 


The  inability  to  harvest  Kodiak's  deer  populations  at  a  level  sufficient  to 
affect  their  rapid  growth  is  the  major  management  problem.  It  is  unlikely  that  enough 
hunting  pressure  will  develop  to  exert  controls  on  Unit  8  deer  herds  within  the  fore¬ 
seeable  future.  Most  of  the  available  habitat  is  now  occupied  by  deer,  and  high  popu¬ 
lations  are  present  even  in  the  most  recently-occupied  areas  on  western  Kodiak  and 
Afognak  Islands.  Deer  numbers  may  be  nearing  an  all-time  peak  in  Unit  8.  While  much 
of  the  recently-occupied  range  on  western  Kodiak  appears  to  offer  better  food  plant 
diversity  and  abundance  than  found  in  northern  Kodiak  and  Afognak,  continued  high  pop¬ 
ulations  will  inevitably  deplete  the  low  coastal  winter  range.  The  population  will 
then  fluctuate  with  the  severity  of  winters.  A  continuing  series  of  mild,  snow-free 
winters  will  accelerate  the  depletion  of  recently-occupied  ranges.  The  decline  of 
deer  in  northeastern  Kodiak  Island  from  early  1960s  levels  provides  a  good  basis  for 
this  prediction. 

Management  will  continue  to  be  directed  at  maximizing  harvest  and  recreational 
hunting  opportunity.  Even  when  deer  populations  are  at  low  levels  it  is  doubtful  that 
hunting  will  become  a  limiting  factor  over  most  of  the  Kodiak  area.  The  dense 
vegetation,  severe  weather  and  difficulty  of  access  will  enforce  the  law  of  diminish¬ 
ing  returns. 
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In  the  most  northeastern  corner  of  Kodiak  Island  about  100  miles  of  roads  provide 
relative  easy  accessibility.  Continued  closure  of  hunting  during  November  and 
December,  when  deer  move  closer  to  the  road  system,  should  prevent  overharvest. 

However,  management  emphasis  there  will  be  on  providing  maximum  opportunity  to  hunt 
while  minimizing  harvest.  Less  than  10  percent  of  the  annual  harvest  is  taken  there, 
although  about  half  the  hunters  interviewed  reported  hunting  1  or  more  days  in  this 
area  during  the  1973  season.  Illegal  harvest  and  predation  by  dogs  is  potentially 
limiting  when  added  to  legal  harvest.  Competition  with  cattle  for  browse  and  increas¬ 
ing  human  settlement  in  this  area  will  continue  to  diminish  habitat. 

Approximately  half  the  coastline  of  Kodiak  and  Afognak  Island  will  ultimately  be 
deeded  to  Native  village  corporations  under  terms  of  the  Alaska  Native  Claims  Settle¬ 
ment  Act.  Some  restrictions  on  access  for  hunting  on  these  lands  may  be  imposed,  but 
will  probably  have  little  impact  on  deer  hunting.  Possible  development  of  recreational 
cabins  or  other  facilities  may  even  benefit  hunters.  The  impact  of  this  change  in  land 
ownership  on  deer  habitat  will  probably  be  minimal  on  Kodiak  Island.  Native  corpor¬ 
ations  will  receive  title  to  much  of  the  commercial  forest  lands  in  northeastern 
Kodiak,  Afogank  and  adjacent  forested  islands.  An  accelerated  logging  program  with 
extensive  clearcuts  could  be  detrimental  to  deer.  Much  of  the  area  of  the  current 
U.S .  Forest  Service  administered  Perenosa  Bay  timber  sale  on  Afognak  will  ultimately 
become  Native  corporation  lands.  Afognak  has  little  previous  history  of  logging  and 
deer/habitat  relationships  are  little  researched.  Additional  research  on  plant  suc¬ 
cession  in  clearcuts,  as  well  as  seasonal  food  habits  and  habitat  use  by  deer,  is 
needed. 

The  introduction  of  Sitka  black-tailed  deer  into  the  Kodiak  Archi pel  ago  was  one  of 
the  most  successful  transplants  of  big  game  animals  done  in  Alaska.  The  full  poten¬ 
tial  of  recreational  hunting  for  Kodiak's  blacktails  has  yet  to  be  realized.  As  hunt¬ 
ing  pressure  increases  in  Alaska  and  keener  competition  for  opportunity  to  hunt  main¬ 
land  species,  such  as  moose  and  caribou,  develops,  more  and  more  hunters  will  brave 
the  vagaries  of  Kodiak's  weather  to  pursue  the  mossy-backed  blacktail. 
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IwtAoduiCJtion. 


From  1969  through  1974  personal  hunter  interviews  and  mandatory  hunter  report 
cards  were  used  by  personnel  of  the  Alaska  Department  of  Fish  and  Game  to  estimate  the 
annual  harvest  of  Sitka  black-tailed  deer  (OdocodJt&uA  kzmiomu  t>iZk<inAU>)  in  southeast 
Alaska. 

The  Department  estimated  annual  deer  harvests  from  1959  through  1968  by  hunter 
interview  only.  In  1969  the  Department  initiated  a  "mandatory"  harvest  report  pro¬ 
gram  for  hunters  of  deer  and  several  other  big  game  species.  The  program  consisted 
of  the  issuance  of  species  tags  to  all  hunters  who  were  required  by  regulation  to 
mail  in  results  of  their  hunting  effort.  The  program  had  many  oroblems,  one  of 
which  was  that  hunters  were  issued  reports  for  species  they  did  not  intend  to  hunt. 
Beginning  in  1971  individual  deer  harvest  reports  were  issued.  Both  the  deer  harvest 
report  program  and  the  hunter  interview  were  continued  simultaneously  in  order  to 
assure  data  continuity.  Consequently,  an  opportunity  was  created  to  compare  2  inde¬ 
pendent  methods  for  estimating  annual  harvest.  The  purpose  of  this  paper  is  to  docu¬ 
ment  results  obtained  from  each  method,  examine  each  method's  benefits  and 
shortcomings,  and  discuss  their  management  implications  and  potential. 

Numerous  Department  biologists  provided  assistance  with  the  collection  of  data. 
Statistical  advice  and  critical  review  were  provided  by  Dr.  Samuel  Harbo,  University 
of  Alaska;  M.  Seibel,  Alaska  Department  of  Fish  and  Game,  also  provided  statistical 
advice.  Thanks  are  extended  to  R.  Kramer,  L.  Johnson,  R.  Pegau,  and  S.  Eide,  Alaska 
Department  of  Fish  and  Game,  for  critically  reviewing  an  earlier  version  of  the 
manuscript.  A.  Cunning  edited  and  typed  several  versions  of  the  manuscript. 


]_/  Supported  in  part  by  Federal  Aid  in  Wildlife  Restoration,  Alaska  Project  W- 17-7. 
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Pe/v&onal  huivCeA  -intejivdm-- At  the  conclusion  of  each  deer  season,  state  personnel 
tabulated  total  numbers  of  resident  license  sales  per  town.  Biologists  or  technicians 
then  interviewed  a  10  percent  sample  of  hunting  license  holders  in  selected 
communities.  Surveys  were  conducted  where  large  numbers  of  interviewees  were  readily 
available,  such  as  in  post  offices,  government  offices,  or  "on  the  street."  Since 
1959,  the  interviews  were  always  conducted  in  5  major  southeast  Alaska  communities 
(Juneau,  Ketchikan,  Petersburg,  Wrangell,  and  Sitka)  and  on  occasion  in  smaller  com¬ 
munities  when  time  and  manpower  permitted. 

Interviewees  were  selected  by  asking  the  question:  "Did  you  purchase  a  hunting 
license  this  past  year?"  If  the  individuals  answered  "no"  they  were  not  interviewed 
further  nor  were  they  considered  part  of  the  sample.  If  they  answered  "yes,"  the  fol¬ 
lowing  question  was  asked:  "Did  you  hunt  deer  this  past  season?"  If  they  answered 
"no,"  they  were  counted  as  a  nonhunter.  If  they  responded  "yes,"  the  interview  was 
continued  by  asking  the  following  questions: 

(1)  "How  many  days  did  you  hunt  and  where  did  you  hunt?" 

(2)  "Did  you  kill  a  deer?" 

(3)  If  so,  "What  was  the  sex  of  the  kill?"  and 

(4)  "Where  did  you  take  it?" 

At  the  conclusion  of  the  interviews,  area  biologists  computed  percentages  of 
active  hunters,  nonhunters,  hunter  success,  deer  per  hunter,  and  days  hunted  per  deer 
killed.  These  percentages  were  then  directly  applied  to  total  license  sales  to  esti¬ 
mate  total  number  of  hunters  and  total  deer  harvested  by  each  community.  Hunter  inter¬ 
views  for  southeast  Alaska  annually  cost  about  $2,000  and  required  a  minimum  of  25 
man-days  of  personnel  time. 

Mandatory  kaAvej>t  n.npo>vt  caAcU>- -Prior  to  each  deer  hunting  season,  hunters  were 
required  by  regulation  to  obtain  harvest  tickets  which  they  were  to  punch  immediately 
after  harvesting  a  deer.  Affixed  to  the  punch  card  was  a  pre-addressed ,  stamped 
report  card  upon  which  each  hunter  was  required  to  report  hunt  results  and  to  mail  the 
card  in  at  the  conclusion  of  the  season. 

Hunters  were  given  45  days  after  the  conclusion  of  the  season  to  send  in  their 
reports.  At  the  end  of  the  period,  each  nonreporting  hunter  was  sent  a  reminder 
letter.  Report  holders  were  then  given  another  45  days  to  respond.  At  the  conclusion 
of  this  time  period,  all  returns  on  hand  were  keypunched  and  entered  into  a  computer. 
Report  cards  or  reminder  letters  received  after  this  time  period  were  not  included. 

Established  computer  programs  summarized  the  harvest  by  specific  location  and 
game  management  unit.  Estimates  of  total  harvest  and  harvest  per  community  were  hand 
tabulated  by  applying  the  percent  of  respondents  who  hunted  and  deer  harvested  per 
hunter  to  total  reports  issued.  Early  computer-based  analyses  were  not  conducted  on  a 
community  basis  and  so  data  were  hand  tabulated  by  utilizing  zip  codes  of  responding 
hunters;  thus,  some  recording  errors  were  possible.  About  2  percent  of  the  harvest 
data  were  not  identifiable  to  individual  communities.  These  data  were  used  in  this 
analysis,  however,  by  assuming  that  the  percentages  of  identifiable  community  data 
also  applied  to  the  data  of  unidentifiable  origin.  The  harvest  report  system  for 
southeast  Alaska  annually  costs  the  Department  approximately  $12,000  and  requires 
about  50  man-days  of  personnel  time. 
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Comparisons  of  total  annual  deer  harvest  estimates,  based  on  reports  versus  inter 
views  for  1969  through  1974,  indicated  that  both  estimates  provided  the  same  annual 
trend  for  total  deer  harvest  (fig.  1).  However,  the  hunter  interview  estimates  were 
considerably  higher  than  the  harvest  report  figures.  Differences  range  from  a  68  per¬ 
cent  higher  estimate  in  1969  to  a  9  percent  higher  estimate  in  1972.  Overall  for  the 
study  period,  the  interview  provided  a  38  percent  higher  estimate  of  deer  kill. 

Comparisons  by  community  of  annual  southeast  Alaska  deer  harvest  statistics  for 
1969  through  1974  revealed  that,  for  individual  communities,  the  hunter  interview  esti 
mates  of  various  statistics  were  higher  than  those  provided  by  harvest  reports  (table 
1).  The  only  exception  occurred  for  actual  deer  kills  reported  by  respondents  on  both 
survey  methods.  This  exception  was  expected,  since  the  deer  harvest  report  was  an 
attempt  at  total  enumeration  whereas  the  interview  was  a  10-percent  sample  of  licensed 
hunters.  Deer  harvest  report  response  rates  during  the  study  period  averaged  71 
percent,  excluding  1973  when  reminder  letters  were  not  sent. 

The  relationship  between  estimates  of  annual  deer  harvested  per  community,  as 
derived  from  the  2  survey  methods,  was  assessed  with  a  correlation  analysis.  The  2 
estimates  were  significantly  correlated  (r  =  0.92,  <  0.01),  with  interview  estimates 

being  considerably  higher  than  those  of  the  harvest  report.  The  magnitude  of  the  dif¬ 
ferences  between  the  2  methods  appeared  greater  for  the  larger  communities  sampled. 

Numbers  of  total  hunters  per  community  as  estimated  from  the  2  methods  were 
compared.  A  significant  correlation  (r  =  0.88,  <  0.01)  existed,  with  the  hunter 

interview  providing  the  larger  estimate.  Differences  between  the  2  estimates  did  not 
appear  to  be  related  to  size  of  communities  sampled.  A  Chi-square  analysis  of  annual 
reporting  successful  to  unsuccessful  hunters  per  town  for  each  method  was  performed  in 
an  attempt  to  determine  whether  each  method  was  sampling  the  same  hunter  population. 
Significant  differences  (P_  <  0.01)  were  detected  for  Ketchikan-1970,  Petersburg-! 970 , 
Wrangell-1970,  and  Sitka-1974.  Differences  in  1970  are  believed  due  to  the  use  of  an 
untrained  interviewer.  No  explanation  can  be  given  for  the  difference  in  the  Sitka- 
1974  data.  All  other  ratios  were  not  significantly  different  (_P  >  0.01),  indicating 
that  both  methods  were  sampling  from  the  same  hunter  population. 

Numbers  of  hunting  licenses  sold  and  harvest  reports  issued  per  community  for 
1973  and  1974  were  significantly  correlated  (r  =  0.9,  P^  <  0.01).  Number  of  hunting 
licenses  sold  was  higher  than  number  of  harvest  reports  issued  per  community.  These 
data  are  of  significance  because  they  provide  the  basis  for  projecting  total  numbers 
of  hunters  and  total  estimated  deer  harvest.  If  each  method  had  provided  a  similar 
deer-harvest-per-hunter  value,  the  interview  estimates  would  be  higher  due  to  the 
baseline  data  from  which  the  estimate  is  calculated. 

Estimated  harvests  per  hunter  per  community  as  derived  from  each  method  were 
significantly  correlated  (r  =  0.87,  F(  <  0.01).  The  hunter  interview  estimates  of  deer 
harvested  per  hunter  had  a  significantly  higher  variance  (F  =  2.3,  19  df,  P^  <  0.05) 
than  the  harvest  report  estimates.  Since  the  data  collected  on  deer  harvest  from  1969 
through  1973  indicated  a  considerable  discrepancy  between  the  2  methods,  an  effort  was 
made  during  the  1974  interview  to  acquire  the  name  of  each  hunter  interviewed  so  that 
individual  report  responses  could  be  compared.  Hunters  were  asked  their  name  after 
the  interview  was  concluded. 

Data  from  hunters  interviewed  were  divided  into:  (a)  report  holders  who  stated 
they  hunted  and  (b)  those  who  stated  they  had  not  hunted.  Four  hundred  and  twelve 
individuals  were  interviewed  for  the  1974  hunting  season,  of  which  223  (54  percent) 
responded  that  they  had  hunted.  Of  the  reported  hunters,  203  (91  percent)  had 
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Figure  1.  Estimated  annual  southeast  Alaska  deer  harvest  derived  from  interviews  versus  reports, 
1969  through  1974. 


Table  1.  Comparison  of  deer  harvest  statistics  as  obtained  from  2  survey  methods 

[interview  (Int.)  and  report  (Rep.)]  for  selected  southeast  Alaska  commun¬ 
ities,  1969  through  1974. 


Year 

License 

sales 

Harvest 

reports 

issued 

Percent 

doe 

harvest 

Percent 

who 

hunted 

Estimated 
number  of 
hunters 

Estimated 
deer  per 
hunter 

Estimated 
total  deer 
harvest 

Int. 

Rep. 

Int.  Rep. 

Int. 

Rep. 

Int. 

Rep. 

Int . 

Rep. 

-  Juneau  - 

1 969  b 

2,580 

a 

56 

a 

66  a 

1700 

1279 

.61 

.42 

1037 

537 

1970 

3,120 

49 

54 

1680 

992 

1.20 

.92 

2016 

913 

1 971 c 

3,286 

49 

62 

2037 

1296 

.90 

.78 

1833 

1011 

1972 

3,253 

47 

51 

1659 

1215 

.50 

.53 

830 

644 

1973d 

4,053 

2,689 

48.3 

48.7 

58.4  66.0 

2367 

1771 

.77 

.98 

1823 

1735 

1974 

3,687 

2,586 

40.7 

36.3 

53.4  63.1 

1969 

1627 

.61 

.61 

1201 

993 

Ketchikan  — 

1969b 

2,060 

a 

36 

a 

78  a 

1610 

1326 

1.21 

.66 

1948 

875 

1970 

2,160 

35 

74 

1600 

1178 

1  .10 

.93 

1760 

1096 

1 971 c 

2,216 

28 

74 

1640 

1180 

.70 

.66 

1148 

779 

1972 

1  ,912 

44 

64 

1224 

814 

.40 

.34 

490 

277 

1973 

2,245 

1  ,593 

27.6 

28.5 

76.0  72.2 

1706 

1149 

.64 

.62 

1092 

712 

1974 

2,089 

1 ,488 

42.9 

23.9 

69.0  64.9 

1437 

963 

.36 

.38 

517 

366 

1  c  Lcf  bUUi  y  — 

1 969b 

780 

a 

43 

a 

79  a 

620 

575 

.51 

.52 

316 

273 

1970 

820 

27 

70 

570 

484 

1.39 

.61 

792 

295 

1971 c 

794 

35 

75 

596 

427 

.85 

.90 

507 

384 

1972 

666 

33 

66 

440 

266 

.30 

.50 

132 

133 

1973d 

788 

453 

48.1 

40.7 

57.5  53.9 

453 

244 

1.13 

1.11 

512 

201 

1974 

709 

445 

44.7 

29.7 

53.8  46.3 

381 

205 

.88 

.85 

335 

174 

Conti nued 
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Table  1 .  (conti nued) 


Year 

License 
sal  es 

Harvest 

reports 

issued 

Percent 

doe 

harvest 

Percent 

who 

hunted 

Estimated 
number  of 
hunters 

Estimated 
deer  per 
hunter 

Estimated 
total  deer 
harvest 

Int. 

Rep. 

Int.  Rep. 

Int. 

Rep. 

Int. 

Rep. 

Int . 

Rep. 

-  Sitka  - 

1 969b 

810 

a 

52 

a 

75  a 

610 

743 

.80 

.60 

490 

446 

1970 

1 ,080 

42 

76 

820 

812 

2.10 

1 .31 

1720 

1064 

1 971 c 

1 ,025 

48 

81 

830 

824 

1  .70 

1.33 

1411 

1096 

1972 

879 

45 

86 

756 

761 

1  .40 

1  .19 

1058 

906 

1973d 

1,297 

1 ,060 

42.7 

31 .3 

83.1  81.4 

1091 

867 

2.45 

1.76 

2673 

1526 

1974 

1  ,265 

1  ,119 

44.4 

33.5 

84.6  79.3 

1070 

831 

1.91 

1.43 

2044 

1188 

Wrangell  — 

1 969  b 

500 

a 

44 

a 

86  a 

430 

378 

.59 

.48 

254 

181 

1970 

500 

64 

70 

350 

381 

.40 

.95 

140 

362 

1971 c 

592 

25 

55 

326 

242 

.39 

.40 

127 

97 

1972 

558 

45 

53 

296 

171 

.31 

.35 

92 

60 

1973d 

655 

446 

33.3 

00.0 

35.0  43.6 

229 

194 

.57 

.27 

131 

52 

1974 

581 

485 

33.3 

24.4 

46.0  43.5 

267 

211 

.62 

.30 

116 

63 

U  LI  1  C  I 

1 9  6 9  b 

590 

a 

a 

a 

470 

713 

1.52 

.72 

700 

513 

1970 

590 

389 

1005 

1.34 

1  .46 

521 

1467 

1971  C 

603 

513 

710 

1.50 

1  .00 

770 

710 

1972 

739 

473 

644 

.60 

.97 

284 

625 

1973d 

830 

1  ,063 

63.4 

516 

664 

1.11 

1  .31 

573 

870 

1974 

1  ,602 

1  ,102 

53.0 

953 

581 

.82 

.95 

781 

552 

Conti nued 
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Tabl e  1 .  (continued) 


Li  cense 
sales 

Harvest 

reports 

issued 

Percent 

doe 

harvest 

Percent 

who 

hunted 

Estimated 
number  of 
hunters 

Estimated 
deer  per 
hunter 

Estimated 
total  deer 
harvest 

Year 

Int.  Rep. 

Int.  Rep. 

Int. 

Rep. 

Int . 

Rep. 

Int . 

Rep. 

-  Totals  - 

1 9  69  b 

7,320 

a 

a  a 

a  a 

5440 

4964 

a 

a 

4745 

2825 

1970 

8,270 

5409 

4852 

6019 

5197 

1971 c 

8,516 

5942 

4679 

5796 

4077 

1972 

8,007 

4848 

3871 

2886 

2645 

1973d 

9,867 

7,310 

6362 

4889 

6804 

5166 

1974 

9,933 

7,225 

6077 

4418 

4994 

3336 

a  -  Data  by  community  for  1969  through  1972  not  available  due  to  computer  programming 
di fficul ti es . 


b  -  Mul ti -species  tickets  initiated, 
c  -  Single-species  tickets  initiated, 
d  -  No  reminder  letters  were  went. 

e  -  Hunter  interviews  were  not  conducted  in  other  communities,  harvest  estimates  cal¬ 
culated  by  using  averages  of  major  communities. 


possessed  harvest  reports.  Of  those  that  had  possessed  reports,  only  159  (78  percent) 
returned  them.  Overall,  this  gave  the  harvest  reports  a  71-percent  sample  of  actual 
hunters,  assuming  the  interview  data  were  accurate.  One  hundred  eighty-nine  individ¬ 
uals  were  interviewed  who  stated  they  had  not  hunted.  Of  that  figure,  83  (44  percent) 
had  possessed  harvest  reports  with  66  (80  percent)  of  these  individuals  having 
returned  them.  Ten  of  the  interviewed  individuals,  who  stated  they  had  not  hunted, 
reported  on  the  harvest  report  card  as  having  hunted. 

It  was  apparent  that  the  successful  hunters  who  did  not  possess  harvest  reports, 
and  those  who  did  but  failed  to  return  them,  accounted  for  some  of  the  discrepancies 
between  the  2  methods.  According  to  these  data,  about  9  percent  of  the  successful 
hunters  interviewed  may  not  have  possessed  reports  while  29  percent  of  the  successful 
hunters  who  did  possess  them  failed  to  return  them.  These  2  groups  combined  account 
for  28  percent  of  the  reported  deer  harvest,  according  to  interviews.  Conversely,  8 
percent  of  the  successful  hunters  who  sent  in  their  reports  stated  during  the  inter¬ 
views  that  they  had  not  hunted  deer.  Their  reported  kills  account  for  6  percent  of 
the  total  harvest  according  to  the  reports. 

Individual  responses  of  hunters  who  participated  on  both  surveys  during  1974  were 
compared.  No  significant  differences  were  detected  for  total  deer  harvested  (t  =  0.01, 
63  df,  P_  >  0.05),  total  doe  harvest  (t  =  0.22,  63  df,  P^  >  0.05),  or  total  days  hunted 
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(t  =  0.08,  97  df,  P_  >  0.05).  These  data  indicate  that  when  hunters  did  respond  on 
each  survey  method  they  provided  similar  data. 

Mean  days  hunted  per  deer  harvested  from  1971  through  1974  as  derived  from  each 
method  were  significantly  correlated  (r  =  0.82,  <  0.01).  Percent  doe  harvest  per¬ 

centages  for  1973  and  1974  were  not  significantly  correlated  (r  =  0.45,  P^  >  0.01). 

The  data  indicate  that  interviewed  hunters  report  a  higher  percent  doe  harvest  than 
that  provided  on  reports. 

There  was  a  significant  correlation  (r  =  0.91,  P  <  0.01)  between  the  percentage 
of  interviewees  and  the  percentage  of  harvest  report  respondents  who  reported  hunting 
in  1973  and  1974.  These  data  indicate  that  each  method  may  provide  an  adequate  repre¬ 
sentation  of  the  percentage  of  the  potential  hunter  population  that  actually  hunted 
for  deer. 


V'i&CLL6-&'LOn 


Traditionally  the  3  basic  methods  of  determining  big  game  kill  have  been  check 
station  records,  hunter  report  cards  and  random  sampling,  either  by  mail  or  personal 
interview  [Hunter  and  Yeager,  1949].  Mandatory  harvest  reports  have  been  used  by  many 
conservation  agencies  at  one  time  or  another;  in  recent  times  most  have  changed  over  to 
a  random  mail  survey  [Eberhardt,  1969].  A  few  states  have  used  personal  interviews 
[Hunter,  1949];  however,  due  to  increasing  numbers  of  hunters  and  a  need  for  more 
accurate  figures  this  method  has  been  found  unsuitable. 

Data  provided  by  this  study  indicate  that  both  the  harvest  report  and  hunter 
interview  provide  the  same  annual  trends  for  total  deer  harvest  in  southeast  Alaska. 

The  hunter  interview  estimates  were,  on  the  average,  38  percent  higher  than  those  pro¬ 
vided  by  the  harvest  report.  Differences  between  the  results  acquired  from  the  2 
methods  may  have  been  due  to  a  combination  of  the  following:  issuance  of  multi -species 
tags  in  1969  and  1970,  initially  poor  acceptance  of  the  report  program  by  the  hunting 
public,  use  of  different  baseline  data,  poor  organization  of  computer  programs , 
non-randomness  of  interviews,  and  non-compliance  with  report  program,  and  probably  a 
large  number  of  biases  associated  with  each  method.  In  addition,  since  both  estimates 
were  hand  tabulated,  some  recording  errors  were  possible.  Report  data  provided  since 
1972  appear  to  be  more  accurate  and  there  appears  to  be  a  greater  public  acceptance  of 
the  program. 

The  hunter  interview  was  intended  to  provide  a  random  sample  of  hunters  from  each 
community;  however,  there  appears  to  be  a  considerable  amount  of  difference  between 
communities  in  the  way  the  interview  was  conducted.  Interviews  conducted  in  such 
places  as  post  offices,  grocery  stores,  state  office  buildings,  and  "on  the  street" 
are  not  random  and  thus  could  consistently  result  in  a  non-representati ve  sample. 
Furthermore,  there  was  a  tendency  for  interviewers  to  avoid  female  and  juvenile 
hunters . 

McDonald  and  Dillman  [1968]  conducted  a  3-year  survey  of  response  and  nonresponse 
biases  associated  with  random  sample  surveys  by  means  of  mail  questionnaires.  Their 
studies  indicated  that  there  were  prestige  biases  involved.  That  is,  some  individuals 
who  report  not  killing  actually  did  kill.  These  same  types  of  biases  appear  to  be 
present  in  both  of  the  methods  compared  in  this  study.  The  exact  extent  of  the  bias, 
however,  will  remain  unknown  since  there  is  currently  no  feasible  way  to  accurately 
determine  actual  kill  in  southeast  Alaska. 
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Comparison  of  the  harvest  report  to  the  interview  indicates  that  a  portion  of  the 
hunters  sampled  in  the  interview  did  not  possess  harvest  tickets  (9  percent).  Of 
those  that  did  possess  tickets,  20  percent  did  not  return  them.  The  2  groups  combined 
accounted  for  28  percent  of  the  deer  harvest  as  reported  on  the  interview.  These 
figures  alone  could  indicate  that  the  hunter  interview  is  providing  more  reliable  data 
than  that  derived  from  the  reports;  however,  this  is  based  on  the  assumptions  that  all 
hunters  were  reporting  their  harvest  correctly  and  that  the  interviews  were  random. 
There  is  reason  to  believe  that  both  assumptions  may  be  incorrect.  A  number  of  stud¬ 
ies  have  indicated  tendencies  for  some  hunters  to  falsely  report  the  number  and  sex  of 
their  kill  [Eberhardt  and  Murray,  I960;  Menzel ,  1968].  In  Alaska,  Johnson  {In 
McKnight,  1974]  has  reported  that  harvests  well  in  excess  of  the  bag  limit  are  some¬ 
times  common  in  communities  where  "subsistence  use"  is  high.  If  this  is  correct,  then 
it  is  quite  conceivable  that  harvest  estimates  derived  from  either  method  are  incorrect. 
If  bag  limits  are  sometimes  exceeded  then  hunt  information  as  to  sex,  location,  and 
date  of  kill  would  vary  depending  on  which  animals  the  hunter  decided  to  report.  Also, 
if  interviewed  hunters  were  reporting  accurately,  but  the  sample  was  not  representative, 
considerably  discrepancies  could  occur. 

It  was  noted  that  the  hunter  interview  contained  more  variation  in  many  of  the 
harvest  statistics  than  did  the  harvest  report.  Reasons  for  the  variability  are  not 
known,  although  factors  such  as  differences  in  interviewer  and  interviewee  personality, 
small  sample  size,  exclusion  of  most  female  and  juvenile  hunters,  procedures  for  con¬ 
ducting  interviews,  and  interview  locations  could  add  a  considerable  amount  of  unmea¬ 
surable  variation  and  thus  provide  a  nonrepresentati ve  sample.  Some  of  the  obvious 
advantages  and  disadvantages  of  each  method  are  listed  below. 

HimteA  tntesvtew  -  advantages : 

1.  Cost  is  considerably  lower  than  harvest  reports. 

2.  Data  are  available  within  short  period  after  conclusion  of 
season. 

3.  Some  public  relations  value  is  obtained. 

HunteJi  tnteAvtew  -  disadvantages  : 

1.  Contains  a  considerable  number  of  unmeasurable  variables. 

2.  Sample  size  is  proportional  to  manpower  and  funds  available 
and  thus  many  communities  are  not  sampled. 

3.  Both  out-of-state  and  nonlocal  hunters  are  not  sampled. 

4.  Samples  often  exclude  juvenile  and  female  hunters. 

Harvest  nepont  -  advantages  : 

1.  A  great  volume  of  data  on  individual  hunters  and  hunt  areas 
is  available. 

2.  Some  of  the  variables  associated  with  method  are  measurable. 

3.  All  communities  and  hunter  classes  are  sampled. 

4.  Data  are  analyzed  and  logged  in  uniform  systematic  manner 
for  documentation  purposes. 
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Ha/ivest  fiepoat  -  disadvantages 

1.  Cost  is  considerably  higher  than  interview. 

2.  Computer  printouts  are  not  available  until  3  to  4  months  after 
conclusion  of  season. 

3.  An  unknown  percentage  of  hunters  may  not  participate  in 
program. 

4.  Does  not  measure  harvest  in  excess  of  legal  bag  limit. 

For  management  purposes  the  most  significant  finding  of  this  study  is  that  both 
methods  provide  the  same  annual  trend  for  total  harvest.  Deer  management  by  the 
Department  has  consisted  of  occasionally  altering  seasons  and  bag  limits,  most  of  which 
have  been  due  to  public  demand  rather  than  biological  reasons  [Merriam,  In  Mcknight, 
1971].  He  believes  that  sport  hunting  is  not  now  a  regulating  factor  on  deer  popula¬ 
tions  and,  therefore,  no  severe  adjustments  in  season  lengths  or  bag  limits  are 
necessary.  If  this  situation  were  to  continue,  the  need  for  accurate  harvest  data 
would  be  unnecessary.  Therefore,  either  of  the  2  methods  would  be  satisfactory  for 
most  management  purposes  under  those  circumstances.  However,  if  hunting  pressure 
increases  as  it  has  elsewhere  and  if  land  management  agencies  continue  to  request  hunt 
information  by  specific  areas  then  hunter  interviews  will  be  inadequate. 

Arney  [1975]  reviewed  the  methods  utilized  for  estimating  harvests  in  13  western 
states  and  summarized  problems  associated  with  each  method.  He  found  that  5  of  1 3 
states  used  the  interview  methods  but  "practically  all"  were  one-shot  special  studies. 
Whereas  8  of  13  utilized  the  report  method  because  it  had  higher  public  acceptance  and 
a  low  cost  per  response.  Reports,  however,  were  plagued  with  low  return  rates, 
non-return  bias  and  reporting  bias.  Although  these  latter  problems  can  be  solved  with 
special  studies,  the  correction  factors  change  with  time  and  return  rates  [Arney, 

1975].  Consequently,  to  provide  accurate  harvest  statistics,  effort  should  be 
periodically  addressed  to  measuring  the  biases  associated  with  the  reports  or  a  new 
system,  such  as  random  mail  questionnaires,  should  be  investigated  for  its  suitability 
under  Alaskan  conditions. 
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Deer  Pellet  Deterioration 


by 


Gordon  Fisch,  Forestry  Technician 
USDA  Forest  Service 

Pacific  Northwest  Forest  and  Range  Experiment  Station 
Forestry  Sciences  Laboratory,  Juneau,  Alaska 


IntAoductton 


The  only  currently  feasible  method  of  estimating  relative  deer  population  densi¬ 
ties  in  southeast  Alaska  is  the  pellet-group-count.  The  application  of  the 
pellet-group-count  method  depends  in  part  upon  the  rate  of  deterioration  and/or  dis¬ 
appearance  of  pellets.  In  an  effort  to  determine  factors  affecting  decomposition 
rates,  a  study  involving  a  small  number  of  fresh,  spring  pellet  groups  was  initiated. 


Study  A nea  and  Method* 


In  mid-May  1977,  15  fresh  pellet  groups  were  collected  in  th^  field  at  Young  Bay 
and  transferred  to  the  lower  Fish  Creek  area  on  Douglas  Island.  .s  area  provided 
convenient  access  from  Juneau  and  was  close  to  a  permanent  Nation...  Weather  Station. 

Twenty  pellets  from  12  groups  were  redeposited  on  12  plots  in  each  of  2  sites 
chosen  to  represent  the  most  common  situations  in  which  pellet  groups  could  be  expec¬ 
ted  to  occur.  On  each  of  the  12  plots,  the  20  pellets  were  distributed  more  or  less 
equally  spaced  within  a  0.3-meter-diameter  circle.  From  the  remaining  3  groups,  20 
pellets  each  were  placed  at  each  site  on  3  each  0.3-meter  squares  of  burlap  staked  to 
the  ground  for  photographic  records  described  later. 

Of  the  sites  selected,  1  was  an  open  muskeg  containing  10  percent  or  less 
tree/shrub  canopy.  Ground  cover  consisted  of  sparse  vaccinium  ( Vacctntum  sp.),  bunch- 
berry  (Connu*  canadenA-L* ) ,  sparse  sedge  (Caj tex  sp.),  and  very  dense  sphagnum  moss 
(Sphagnum  sp.).  The  second  site  (50  percent  or  more  tree/shrub  canopy)  was  approxi¬ 
mately  100  meters  distant  within  a  100-year-old  hemlock-spruce  forest  with  80  percent 
overstory.  Ground  cover  included  large  vaccinium,  bunchberry,  several  other  forbs, 
very  dense  feather  moss  (Hylocomtum  sp.)  and  leaf-needle  litter.  Both  sites  were 
approximately  75  meters  in  elevation. 
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The  plots  were  checked  every  4  to  6  weeks  from  May  through  October  1977.  At 
these  intervals,  each  sample  plot  was  searched  and  all  visible  pellets  (some  present 
but  hidden  by  vegetation)  within  the  0.3-meter  circular  plot  were  counted.  A  vertical 
photograph  of  the  plot  was  taken  from  a  height  sufficient  to  allow  the  circular  plot 
to  essentially  fill  the  frame.  Low-speed  color  film  was  used  to  produce  3-1/2  x 
5-inch  prints,  with  the  time  exposure  and  flashbulb  release  for  constant  light 
conditions.  A  closeup  photograph  was  also  taken  of  the  pellets  on  the  burlap. 

Mapping  and  interpretation  was  done  directly  from  the  3-1/2  x  5-inch  color 
prints.  Some  detail  was  lost  in  the  preparation  of  the  prints,  but  image  quality  was 
quite  satisfactory  and  color  rendition  and  contrast  were  good.  Several  photos  con¬ 
tained  shadows  or  were  very  dark  making  it  impossible  to  locate  some  pellets.  This 
may  have  been  because  of  a  malfunction  or  misuse  of  the  flash  unit. 

Local  precipitation  and  temperature  data  were  obtained  from  monthly  summaries  of 
the  National  Weather  Service,  International  Airport,  Juneau,  located  approximately 
1.6  kilometers  each  of  the  study  site. 


RcauJUa 


WcaXheA  --Monthly  precipitation  totals  for  the  months  of  May  to  October 

fall  within  the  recorded  extremes  for  these  months  back  to  1950  (fig.  1).  The  May 
total  of  3.96  centimeters,  though,  ran  a  close  second  to  the  low  recording  of  3.68 
centimeters  in  May  of  1968.  Mean  monthly  temperatures ,  except  for  August,  also  fell 
within  the  recorded  extremes  from  1950.  August  set  a  27-year  record  with  1.6°  C  above 
the  high  of  14.2°  C  recorded  in  August  of  1957  (fig.  2). 

From  May  to  October  only  2  rainfalls  occurred  that  could  be  considered  as  high 
intensity  or  washing  rains--high  intensity  arbitrarily  being  1  inch  (2.54  centimeters) 
or  more  within  a  24-hour  period.  These  heavy  rains  occurred  on  June  2  with  2.59 
centimeters  and  September  21  with  3.25  centimeters.  Although  only  2  heavy  rains  fell 
during  the  study,  weather  records  show  that  high  intensity  rains  can  occur  in  any 
month  of  the  year,  but  occur  more  frequently  in  the  later  summer  months.  In  the 
Juneau  area  at  least,  rainstorms  of  high  intensity  normally  can  be  expected  frequently 
in  the  period  of  August  to  October. 

From  May  12  through  October  20  (162  days),  it  rained  a  trace  or  more  on  102  days, 
for  a  total  of  63  percent  of  the  days  (table  1).  Although  it  did  not  rain  constantly 
for  24  hours  during  the  102  days,  it  is  assumed  that  enough  rain  fell  to  keep  ground, 
vegetation,  and  pellet  moisture  contents  relatively  high. 

VzJULqJl  dccompo^djtion  and  cliAappcaAancc-- 

TonoAt  canopy.  Of  the  240  pellets  deposited  on  plots  within  the  forest 
canopy,  179  (75  percent)  had  completely  disappeared  within  6  months  (table 
2).  Remaining  pellets  ranged  from  10  (50  percent)  to  1  (5  percent)  per 
plot.  Many  pellets  visibly  disappeared  into  the  2-  to  5-centimeter-deep 
feather  moss  as  soon  as  they  were  deposited;  others  gradually  disappeared 
as  new  vegetation  progressed.  They  became  increasingly  more  difficult  to 
locate  with  each  successive  observation  period.  By  mid-August,  ground 
vegetation  became  dense  enough  that  most  pellets  on  plots  were  impossible 
to  see  and  photograph  (table  3)  (fig.  3)  and  only  pellets  on  the  burlap 
remained  visible. 
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Figure  1.  Monthly  precipitation  at  Juneau  Airport  1977  and  27  year  range 


Figure  2.  Mean  monthly  temperature  at  Juneau  Airport  1977  and  27  year  range 
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Table  1.  Summer  precipitation  recorded  at  Juneau  Airport,  1977. 


Month 

Days 

Days 

rained 

Total 

rainfall 

Long-term 

mean 

- centimeters - 

May  (12-31) 

20 

11 

3.15 

5.39 

June 

30 

22 

8.81 

7.44 

July 

31 

18 

8.10 

11.91 

August 

31 

14 

7.70 

12.70 

September 

30 

21 

14.15 

16.74 

October  (1-20) 

20 

16 

12.42 

14.22 

Total 

162 

102 

54.33 

68.40 

210 


Table  2.  Pellets  per  plot  on  successive  observation  dates 


Plot 

May  12 

June  8 

July  12 

Aug.  12 

Sept.  17 

Oct.  20 

- Muskeg - 

la 

20 

20 

19 

20 

20 

20 

2a 

20 

20 

18 

19 

19 

17 

3a 

20 

20 

20 

20 

20 

18 

4a 

20 

20 

20 

20 

20 

18 

5a 

20 

16 

10 

10 

10 

10 

6a 

20 

20 

19 

19 

19 

18 

7a 

20 

20 

20 

20 

20 

20 

8a 

20 

20 

20 

20 

20 

20 

9a 

20 

20 

19 

19 

19 

18 

10a 

20 

19 

18 

17 

17 

15 

11a 

20 

20 

20 

19 

19 

18 

12a 

20 

20 

20 

20 

20 

15 

Total 

240 

235 

224 

223 

223 
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an/pl ot 

20.0 

19.6 

18.7 

18.6 

18.6 

17.3 

--Forest - 

lb 

20 

16 

11 

12 

11 

31/ 

2b 

20 

14 

12 

7 

6 

2 

3b 

20 

20 

16 

13 

12 

5 

4b 

20 

15 

14 

6 

5 

1 

5b 

20 

17 

16 

16 

10 

8 

6b 

20 

16 

12 

11 

11 

5 

7b 

20 

20 

15 

11 

9 

4 

8b 

20 

17 

15 

10 

9 

5 

9b 

20 

14 

13 

15 

12 

7 

10b 

20 

20 

15 

12 

12 

8 

lib 

20 

12 

6 

6 

5 

3 

12b 

20 

20 

16 

14 

13 

10 

Total 

240 

201 

161 

133 

115  61 

Mean/plot 

20.0 

16.7 

13.4 

11.1 

9.6  5.1 

1/  Underscore 

indicates 

that  the  pellet  group  was 

essential ly 

indistinguishable. 

Table  3. 

Presence 

of 

visible  groups 

on  plots  on 

successi ve 

observation  dates 

Plot 

May 

12 

June  8 

July  12 

Aug.  12 

Sept.  17  Oct.  20 

Muskeg 


la 

X 

X 

X 

X 

X 

X 

2a 

X 

X 

X 

X 

X 

X 

3a 

X 

X 

X 

X 

X 

X 

4a 

X 

X 

X 

X 

X 

X 

5a 

X 

X 

X 

X 

X 

X 

6a 

X 

X 

X 

X 

X 

X 

7a 

X 

X 

X 

X 

X 

X 

8a 

X 

X 

X 

X 

X 

X 

9a 

X 

X 

X 

X 

X 

X 

10a 

X 

X 

X 

X 

X 

X 

11a 

X 

X 

X 

X 

X 

X 

12a 

X 

X 

X 

X 

X 

X 

otal 

12 

12 

12 

12 

12 

12 

--Forest - 

lb 

X 

X 

X 

1/ 

2b 

X 

X 

X 

3b 

X 

X 

X 

X 

4b 

X 

X 

X 

X 

5b 

X 

X 

X 

X 

X 

6b 

X 

X 

X 

7b 

X 

X 

X 

X 

8b 

X 

X 

9b 

X 

10b 

X 

lib 

X 

12b 

X 

X 

X 

X 

Total 

12 

9 

8 

5 

0 

1 

]_/  Blank  indicates  that  the  pellet  group  was  not  visible. 
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OTAL  DISTINGUISHABLE  GROUPS 


Figure  3.  Disappearance  rate  of  individual  pellet  groups  in  forest  and  musket. 
Visible  (A)  and  searched  (B) 
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The  pellets  remained  dark  grey  to  black  in  color  and  pliable  and 
soft,  due  no  doubt  to  the  persistent  moisture  conditions  within  the 
forest  vegetation.  This  is  in  direct  contrast  with  drier  areas  where 
pellets  become  firm  and  fade  to  lighter  brownish  colors.  The  deposited 
pellets  did  not  retain  their  original  shape  or  size  but  became  flatter 
and  smaller,  and  texture  gradually  turned  grainy. 

Under  the  forest  canopy,  pellets  on  the  burlap  retained  the  same 
color,  changed  size  and  shape,  and  turned  grainy  similar  to  those  in 
the  moss.  They  did,  however,  appear  firmer  due  possibly  to  the  drier 
burlap  substratum  and  air  currents. 

Beetle  activity  was  noted  on  3  occasions  but  only  early  in  the 
season.  They  appeared  to  be  utilizing  the  pellets  from  the  inside  so 
many  more  beetles  may  have  been  present  but  not  noticed.  Further  study 
is  needed  of  numbers  of  pellets  beetles  actually  consume  and  at  what 
part  of  the  season  they  are  most  active. 

Muskeg.  Of  pellet  groups  placed  on  the  open  muskeg,  50  percent  or 
more  remained  intact  and  identifiable  even  after  6  months  (table  2); 

3  plots  still  contained  the  original  20  pellets.  One  had  been  reduced 
to  10  pellets  before  the  July  investigation--no  evidence  of  decay  or 
disappearance  was  found,  suggesting  an  unidentified  source  of  removal, 
possibly  rodents  or  beetles.  By  mid-October,  207  of  the  original  240 
pellets  could  still  be  counted  for  a  loss  of  only  14  percent  (fig.  4). 

As  for  distinguishable  groups,  all  12  (100  percent)  could  still  be 
considered  as  such  after  6  months  (fig.  3). 

On  the  muskeg  site,  vegetation  became  greener,  but  remained  shorter 
and  less  dense,  than  on  the  forest  site.  Surviving  pellets  continued  to 
be  identifiable  and  easily  counted  and  photographed.  The  pellets  changed 
through  a  series  of  colors  from  black,  to  a  variety  of  greys,  and  finally 
a  bleached,  washed-out  appearance.  They  remained  firm  to  the  touch  and 
appeared  to  be  smaller  in  size  than  pellets  in  the  forest.  They,  too, 
gradually  became  more  grainy.  Beetle  activity  was  noted  in  3  instances 
early  in  the  study.  Pellets  on  the  burlap  changed  in  color,  shape,  and 
texture  similar  to  those  on  the  vegetation. 

As  shown  in  figures  5  and  6,  individual  pellets  disappeared  or 
changed  location  from  1  observation  to  the  next.  I  did  not  determine 
causes  of  movement,  but  vegetation,  intense  rainfall,  wind,  insect,  or 
animal  activity  are  speculative  causes. 

Unfortunately,  this  information  cannot  be  considered  applicable  to 
all  ecological  situations.  This  paper  considers  the  results  from  only 
1  study  area  in  southeast  Alaska  and  represents  only  2  ecological 
conditions.  Any  definite  conclusions  will  probably  require  observations 
of  marked  pellet  groups  over  several  years. 


Fuji the/L  ReAna/ick  R nquAJimiwth 


Future  research  on  rates  of  pellet  decomposition  relative  to  the  pellet-group-count 
method  should  be  directed  at  continuing  to  identify  the  major  factors  influencing  these 
rates,  not  only  for  spring-summer  pellets,  but  fall-winter  pellets.  A  study  similar  to 
the  summer  test  is  currently  in  progress  using  winter-deposited  pellet  groups. 
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TOTAL  DISTINGUISHABLE  PELLETS 


Figure  4.  Persistence  rate  of  individual  distinguishable  pellets. 
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Figure  5.  Distribution  of  deer  pellets  on  plot  la,  open  muskeg, 
on  successive  observation  dates. 
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In  addition,  research  should  be  expanded  on  time-relative  differences  in  dispersal 
rates  of  recognizable  groups  between  forested  and  open  areas  and  should  include  re¬ 
growth  stands  of  various  ages.  With  the  proportional  difference  discussed  so  far, 
summer  counts  in  the  forest  would  underestimate  deer  use  relative  to  muskeg  or  open 
areas.  This  could  have  implication  with  respect  to  comparing  use  in  forest  and 
cl earcuts . 

Development  of  methods  for  aging  deer  pellets,  based  on  characteristics  at  dif¬ 
ferent  time  periods,  would  allow  the  pellet-count  method  to  be  used  without  clearing 
pellets  from  fixed  plots.  The  latter  would  make  it  possible  to  sample  larger  areas 
with  available  time  and  manpower. 
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Tongass  National 
Forest  Management 


The  following  papers  discuss  the  policy  framework  within  which  deer  habitat 
management  was  expected,  at  the  time  of  the  conference,  to  be  conducted  on  the  Tongass 
National  Forest.  At  that  time,  alternative  proposals  for  a  long-range  Tongass  Land 
Management  Plan  were  being  developed.  Since  then,  the  Federal  administration  has  con¬ 
verted  several  areas  of  the  Forest  to  National  Monument  status,  independently  of  the 
TLMP  planning  process,  and  excluded  them  from  consideration  for  normal  commodity 
management.  Also,  land  allocations  to  the  State  and  to  native  corporations ,  under 
provisions  of  the  Alaska  Native  Claims  Settlement  Act,  have  yet  to  be  resolved  by 
Congress . 

While  these  papers  still  represent  the  philosophy  of  the  Forest  Service  toward 
integrated  resource  management,  subsequent  and  future  changes  in  the  land  base  avail¬ 
able  for  such  management,  date  the  presentations  in  some  respects. 

The  paper  authored  by  M.M.  Perensovich,  Jr.  was  presented  by  E.L.  Young,  wildlife 
biologist  on  the  Stikine  Area,  Tongass  National  Forest.  The  paoer  by  John  Raynor  is  a 
digest  of  his  remarks  prepared  by  the  editors  and  revised  by  Mr.  Raynor. 
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Tongass  Wildlife  Policies,  Goals,  and  Issues 
Contained  in  the  Southeast  Alaska  Area  Guide 


by 


Paul  Harrington,  Wildlife  Biologist 
USDA  Forest  Service,  Tongass  National  Forest,  Ketchikan 


liitAodu.cJU.on 


I  have  been  asked  to  discuss  wildlife  policies,  goals,  and  issues  contained  in 
the  U.S.  Forest  Service's  Southeast  Alaska  Area  Guide  (SEAAG),  with  special  reference 
to  the  management  of  deer. 

The  Guide  is  the  first  phase  in  a  planning  process  that  provides  a  foundation  and 
a  focus  for  developing  the  Tongass  Land  Management  Plan  (TLMP).  TLMP  will  then  focus 
on  the  solution  of  issues  identified  in  the  Guide  and  identify  areas  where  different 
land  management  opportunities  will  be  available. 

What  is  the  SEAAG  and  what  does  it  represent?  The  task  facing  the  U.S.  Forest 
Service  is  to  manage  the  public  wealth  of  the  Tongass  National  Forest  in  a  way  that 
recognizes  both  its  wildland  uniqueness  as  well  as  its  economic  productivity.  The 
U.S.  Forest  Service  also  must  be  responsive  to  local,  regional,  and  national  needs. 

The  SEAAG  identifies  issues  and  establishes  a  process  by  which  issues  can  be  resolved. 
The  Guide  also  begins  to  allocate  resources  through  Land  Use  Designations  (LUDs)  or 
units  of  land  designated  for  different  levels  of  development.  These  designations  will 
be  translated  to  specific  sites  in  the  TLMP  phase. 

The  Guide  contains  a  section  on  resource  accounts  prescribing  management  direc¬ 
tion  for  10  resources  including  soil,  water,  fish,  wildlife,  estuary,  timber,  minerals, 
recreation,  wilderness  and  cultural  resources. 


btiJLdJU.fa  Ruouach  AccounJ: 


The  wildlife  resource  account  includes  a  situation  statement  and  basic 
assumptions,  defines  issues  and  goals  and  lists  specific  policies.  The  situation 
facing  the  forest  manager  relative  to  the  wildlife  resource  is  the  challenge  of 


220 


coordinating  forest  development  with  wildlife  habitat  requirements .  This  necessary 
coordination  is  complicated  by  the  abundance  and  diversity  of  wildlife  populations. 
Incomplete  information  on  the  impacts  of  resource  development  on  wildlife  often  further 
complicates  management  decisions. 

The  implications  of  land  use  activities  on  wildlife  populations,  including  deer, 
may  be  more  serious  over  the  long  run.  Also,  large  scale  conversion  to  younger 
even-age  stands  may  reduce  populations--in  direct  contrast  to  management  objectives. 

A6iimptloyi6--lhe  Guide  states  some  basic  assumptions  upon  which  to  base  goals  and 
policies.  A  list  of  assumptions  relating  to  deer  management  includes: 

1.  Hunting  will  increase  substantially  in  the  next  25  years. 

2.  Commodity  uses  and  other  forest  resources  will  lead  to  greater 
impacts  on  deer  habitat. 

3.  Public  pressure  will  increase  to  limit  or  reduce  forest  devel¬ 
opment  activities  where  significant  adverse  impacts  affect 
valuable  species  including  deer. 

4.  Natural  habitat  will  be  lost  as  a  result  of  permanent  developments. 

5.  Expanded  road  systems  will  provide  greater  access  to  new  areas. 

6.  Transfer  of  public  lands  to  private  ownership  may  increase  the 
value  of  National  Forest  land  for  wildlife  habitat. 

7.  Habitat  manipulation  of  protection  may  receive  primary  management 
emphasi s . 

Goat 6--The  goals  identified  in  the  Guide  are  typical  broad  statements  of  the 
strategy  from  which  objectives  are  developed.  The  Guide  defines  wildlife  habitat  as 
the  areas  of  land  and  water  necessary  to  maintain  populations  at  the  "established 
levels."  The  primary  management  goals  within  and  adjacent  to  wildlife  habitat  will  be: 

to  protect  and  enhance  wildlife  resources  and  their  habitat; 

to  prevent  human-induced  wildlife  habitat  impairment;  and, 

to  maintain  the  capability  of  the  land  and  water  to  produce 
and  sustain  desired  levels  of  wildlife  populations. 

Another  stated  goal  is  to  develop  methods  to  assess  the  impacts  of  forest  management 
on  wildlife  populations. 


V'UcuA-6'Con 


The  goals  point  out  2  important  factors  that  will  need  defining  before  wildlife 
can  be  effectively  managed.  These  are  1)  describing  and  identifying  types  of  habitat 
and  their  limitations,  and  2)  the  setting  of  desired  levels  of  deer,  and  other  wild¬ 
life,  populations  which  we  are  interested  in  maintaining.  The  policies  as  listed  in 
the  Guide  help  define  these  factors  and  set  a  baseline,  or  starting  point,  to  accom¬ 
plish  the  goals. 
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Emphasized  throughout  the  Guide  and  stated  clearly  in  the  policies  is  the  need 
for  coordination  between  the  State  and  federal  agencies.  Of  particular  importance  is 
close  coordination  with  the  Alaska  Department  of  Fish  and  Game  in  the  management  of 
wildlife  and  its  habitat.  Cooperation  with  the  State  begins  with  setting  desired 
levels  of  populations  of  wildlife  species.  When  these  levels  are  set,  effective  habi¬ 
tat  management,  with  definitive  goals,  will  become  a  reality.  Conversely--unti 1 
desired  levels  of  wildlife  populations  are  determined  and  agreed  upon,  reasonable 
management  of  the  habitat  is  impossible.  Desired  levels  will  be  determined  using 
factors  such  as  land  capability,  other  resource  values,  demand,  relative  abundance, 
competition  with  other  species,  and  coordination  with  other  resources  or  needs. 

As  part  of  the  land  use  planning  process,  the  Area  Guide  outlines  a  method  of 
determining  how  wildlife  habitat  needs  will  be  integrated  with  the  management  of  other 
resources.  This  process  involves  the  use  of  an  interdisci  pi i nary  team  (IDT)  through 
all  levels  of  land  management  planning  and  assures  wildlife  considerations  in  all  major 
proposals  for  land  use. 

Another  factor  of  wildlife  management  keyed  into  the  wildlife  resource  account  is 
the  need  for  land  management  decisions  to  be  based  on  sufficient  knowledge  and  data, 
thus  providing  a  sound  basis  for  professional  judgment.  A  problem  identified  in  the 
wildlife  resource  account  is  the  lack  of  sufficient  knowledge  and  data  on  which  to  base 
these  land  management  decisions. 

Often,  recommendations  are  based  on  limited  data  and  result  in  conservative 
measures.  As  demand  for  forest  products  increases,  biological  input  into  management 
decisions  will  receive  close  scrutiny.  To  acquire  accurate  data  on  the  results  of  land 
management  impacts,  a  viable  and  continuous  program  of  monitoring  and  assessment  of 
impacts  of  land  use  activities  on  wildlife  habitat  and  populations  is  necessary. 

In  addition,  several  research  projects  are  suggested  in  the  Guide.  These  include 
determining  the  effects  of  logging  practices  in  old-growth  forests  on  wildlife, 
initiating  and  evaluating  methods  of  improving  and  protecting  big  game  habitat,  and 
determining  supply  and  demand  predictions  for  wildlife. 

As  a  planning  tool,  and  a  document  to  standardize  and  direct  Forest  Service  Land 
Management  in  southeast  Alaska,  the  Southeast  Alaska  Area  Guide  is  an  important  first 
step. 


Deer  Habitat  Inventory 

for  the  Tongass  Land  Management  Planning  Process 


by 


M.  M.  Perensovich,  Jr.,  Fisheries  and  Wildlife  Program  Manager 
USDA  Forest  Service,  Tongass  National  Forest,  Sitka 


hvbiodu.cJU.ovi 


This  report  summarizes  portions  of  the  findings  of  the  wildlife  habitat  inventory 
completed  upon  the  Tongass  National  Forest  during  1977.  It  emphasizes  information 
relating  to  deer  which  constitutes  1  of  11  categories  of  wildlife  selected  for  the 
inventory. 

The  inventory  stemmed  from  the  need  for  wildlife  information  in  the  development 
of  the  Tongass  Land  Management  Plan.  This  Plan,  which  is  a  major  component  of  an 
intensive  planning  process  throughout  the  National  Forest  system,  responds  to  direc¬ 
tion  by  Congress,  primarily  through  passage  of  the  Forest  and  Rangeland  Renewable 
Resources  Planning  Act  of  1974,  the  National  Forest  Management  Act  of  1976,  and  the 
Federal  Land  Policy  and  Management  Act  of  1976.  The  wildlife  habitat  inventory  was 
the  first  major  combined  effort  of  the  Tongass  National  Forest  to  assembly  information 
covering  a  wide  spectrum  of  wildlife. 


The  Study  kneci 


The  study  area,  encompassing  the  Tongass  National  Forest,  is  located  in  southeast 
Alaska  and  is  divided  into  3  administrative  areas  or  forests:  Chatham  Area  - 
7,489,149  acres,  Stikine  Area  -  3,161,792  acres,  and  Ketchikan  Area  -  5,265,230  acres 
(net  land  acreage).  A  total  of  nearly  10,000  miles  of  shoreline  is  contained  in  these 
areas  (see  fig.  1 ) . 

Southeast  Alaska  is  characterized  by  a  cold,  very  moist  rain  forest,  most  of 
which  is  old-growth  western  hemlock  and  Sitka  spruce.  Western  redcedar  and  Alaska 
cedar  is  restricted  primarily  to  the  southern  half  of  the  area,  south  of  Frederick 
Sound.  Muskeg  or  bog  plant  communities,  dominated  by  sphagnum  mosses  and  sedges,  are 
found  interspersed  throughout  forest  openings.  These  openings  also  support  a  variety 
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F J--The  3  administrative  areas  of  Tongass  National  Forest.  Chatham  includes  an 
area  near  Yakutat  indicated  by  the  circle  in  the  inset. 
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of  low  shrubs,  forbs  and  sparse  stands  of  hemlock  and  lodgepole  pine.  Grass-sedge 
meadows,  usually  situated  along  the  coast,  and  alpine  tundra  make  up  the  remaining 
major  types  of  habitat.  These  biotic  communities  comprise  important  habitat  for  deer 
as  well  as  a  wide  variety  of  other  wildlife. 


M&tkodA 


A  core  team  of  8  biologists  was  formed  to  conduct  the  inventory.  This  team  in¬ 
cluded  biologists  from  the  U.S.  Forest  Service,  U.S.  Fish  and  Wildlife  Service,  and 
Alaska  Department  of  Fish  and  Game.  Forest  Service  biologists  were  given  primary 
responsibility  for  completing  work  on  their  respective  areas.  Additional  biologists, 
acting  in  an  advisory  capacity,  provided  information  throughout  the  inventory  process, 
including  participation  in  the  development  of  a  study  plan.  Establishment  of  these 
guidelines,  which  set  forth  standards ,  methods,  and  schedules,  was  an  important  initial 
phase  of  the  inventory. 


Included  in  the  study  plan  are  rating  standards  for  each  of  the  11  categories  of 
wildlife.  The  standards  or  ratings  assigned  to  deer  were  as  follows: 


0  --  absent 

1  --  present;  traditionally  low  density  areas 

2  --  intermediate  winter  range  (including  forest  habitat  extending 

between  low  elevation  winter  ranges  and  sub-alpine  zones). 

Recommended  retention  factor:  50  percent,  comprised  of 
old-growth,  commercial  forest  land. 

3  --  lowland  winter  range  (including  beach  fringe  to  500-foot 

elevation  or  approximately  1  mile  inland  from  shoreline  on 
level  topography).  Recommended  retention  factor:  90  percent, 
comprised  of  old-growth,  commercial  forest  land. 

Timber  retention  percentages,  coupled  with  each  of  the  species  habitat  ratings,  were 
needed  as  a  basis  for  calculating  the  amount  or  volume  of  existing  old-growth  commer¬ 
cial  forest  land  that  should  be  retained  for  deer  habitat.  This  information  will 
serve  as  a  means  for  adjusting  the  annual  allowable  harvest  figures  for  timber 
management.  Retention  factors  express  the  minimum  percentages  of  habitat  needed  to 
maintain  existing  population  levels  for  deer  as  well  as  other  wildlife.  These  factors 
allow  for  growth  and  expansion  of  populations  currently  at  low  levels  and  include  pro¬ 
vision  for  a  cautionary  approach  to  management  of  those  species,  for  which  information 
in  incomplete,  concerning  the  impacts  of  land  use  activities  on  their  habitat. 


Wildlife-related  use  patterns  (hunting,  trapping,  wildlife-viewing,  etc.)  were 
rated  either  by  species  or  by  groups  of  species  and  uses,  depending  upon  availability 
of  information  for  each  administrative  area. 


The  initial  phase  of  the  inventory  involved  assembling  and  reviewing  all  avail¬ 
able  information  in  the  form  of  in-service  reports,  planning  maps,  multiple-use 
overlays  and  a  host  of  related  material,  including  data  from  other  agencies.  Habitat 
and  species  range  maps,  contained  in  the  Alaska  Department  of  Fish  and  Game's  Wildlife 
and  Habitat  Blue  Book,  with  supplemental  overlays,  provided  a  valuable  source  of 
information.  Information  obtained  from  field  surveys  (although  done  on  a  limited 
scale)  and  ongoing  interdisciplinary  team  surveys  helped  considerably  in  identifying 
important  wildlife  habitat.  Personal  interviews  with  key  people  in  towns  and  outlying 
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villages  provided  useful  information  especially  with  regard  to  human  use  areas. 
Finally,  professional  judgment  shaped  necessary  assumptions  for  those  areas  where 
information  was  lacking. 

Information  was  mapped  on  U.S.  Geological  Survey  quads,  1  inch  =  1  mile  (scale 
1:63360),  according  to  the  format  contained  in  the  study  plan.  Overlays  were  used 
extensively  throughout  the  mapping  process.  In  most  cases,  only  habitat  in  categories 
2  and  3  (which  contain  ratings  combined  with  assigned  timber  retention  percentages) 
were  mapped.  Habitat  ratings  for  individual  species  were  then  determined  for  each 
value  comparison  unit  (VCU);1/  these  ratings  were  recorded  on  forms  developed  for  the 
inventory  to  accompany  each  completed  set  of  quads.  In  some  cases  a  subjective 
approach  to  rating  species  habitat  was  necessary;  under  such  circumstances  factors 
such  as  amount,  category,  and  location  of  habitat  involved  and  known  status  of  popu¬ 
lations  were  considered  in  the  rating  process. 

Ratings  for  each  species  were  totalled  for  each  VCU.  The  final  ratings,  which 
consider  all  categories  of  wildlife,  were  obtained  by  determining  the  range  of  the 
lowest  and  highest  scores  for  all  VCUs  and  dividing  the  results  into  5  appropriate 
rankings  of  low  to  high  habitat  quality.  This  rating  scheme  considered  all  wildlife 
of  equal  value,  assigning  no  weight  factors  to  any  individual  species  or  group.  Thus, 
VCUs  having  greater  species  diversity,  or  number  of  wildlife  groups  represented,  had  a 
potentially  higher  rank  than  those  with  fewer  species. 


ReAuLtA 


To  understand  the  reported  results  of  the  inventory,  it  is  necessary  to  distin¬ 
guish  clearly  between  data  which  represent  percentages  of  VCUs  (table  1)  and  data 
which  represent  percentages  of  total  acreage  (table  2).  To  illustrate  this  problem, 
consider  the  ratings  for  category  2  habitat  (intermediate  winter  range).  In  terms  of 
total  VCUs,  the  Ketchikan  Area  has  the  highest  percentages  of  category  2  habitat  (39 
percent),  followed  by  the  Stikine  Area  (20  percent)  and  then  the  Chatham  Area  (12 
percent).  Because  the  total  number  and  total  size  of  VCUs  within  each  Area  differ, 
however,  these  percentages  do  not  reflect  the  relative  importance  of  each  Area  in 
contributing  total  acreage  to  intermediate  winter  range.  Thus,  12  percent  of  the  VCUs 
and  2,416,738  acres  in  the  Chatham  Area  are  in  category  2,  while  39  percent  of  the 
VCUs  and  2,486,616  acres  in  the  Ketchikan  Area  are  in  category  2.  The  Stikine  Area 
has  20  percent  of  its  VCUs  and  781,662  acres  in  category  2. 

Geographic  location  also  influences  the  percentage  of  VCUs  in  each  habitat  cate¬ 
gory  in  the  administrative  areas.  Because  of  more  severe  winter  conditions,  for 
example,  the  mainland  characteristi cally  supports  a  much  lower  density  of  deer  than  do 
the  islands.  Forty-two  percent  of  the  Chatham,  37  percent  of  the  Stikine,  and  29  per¬ 
cent  of  the  Ketchikan  VCUs  are  on  the  mainland.  Correspondingly ,  Chatham  has  the 
highest  percentage  of  VCUs  (22  percent)  rated  zero,  or  absent,  for  deer.  Likewise, 
because  the  Chatham  has  the  greatest  number  of  island  VCUs,  it  also  has  the  highest 
percentage  (49  percent)  of  category  3  habitat. 


]_/  A  distinct  geographic  area  generally  encompassing  a  drainage  basin  with  one  or  more 
large  stream  systems  bounded  by  easily  recognizable  watershed  divides.  These  units 
provide  a  common  set  of  areas  for  resource  inventories  and  resource  value 
i nterpretati ons . 
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Table  1.  Distribution  of 
areas  of  Tongass 

VCUs  by  deer  habitat 
National  Forest 

rati ng 

categories 

in  the  administrative 

Category!/ 

Chatham  Stikine 

Ketchi kan 

Tongass  total 

- number  of 

VCUs - 

0 

86 

0 

51 

137 

1 

66 

47 

38 

151 

2 

45 

27 

134 

206 

3 

193 

62 

118 

373 

Total 

390 

136 

341 

867 

vr  ik _ 

- -  pci  Lcll  l  U  1 

V  L-  U  o - 

0 

22 

0 

15 

16 

1 

17 

34 

11 

17 

2 

12 

20 

39 

24 

3 

49 

46 

35 

43 

!_/  0  =  absent, 

1  =  low,  2 

=  moderate,  3  =  high 

. 
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Table  2.  Total  and  commercial  forest  land  (CFL)  acreage  classified  as  deer  habitat 
categories  2  and  3  in  the  administrative  areas  of  Tongass  National  Forest. 
From  printout  summary  of  landtype  data  sheets,  Landtype/Timber  Task  Force. 


Area 

Category!/ 

Total  deer 

habi tat 

Deer  habitat 

on  CFL 

Acres 

Percent 

Acres 

Percent 

Chatham 

2 

2,416,738 

32.27 

1  ,228,996 

61  .08 

3 

632,737 

8.45 

403,847 

20.07 

St i ki ne 

2 

781 ,662 

24.72 

778,282 

65.85 

3 

140,512 

4.44 

1  39,793 

11.83 

Ketchi kan 

2 

2,486,616 

47.23 

1  ,523,193 

69.65 

3 

319,129 

6.06 

246,992 

11.29 

Tongass  Forest  total 

2 

5,653,908 

35.52 

3,536,695 

65.61 

3 

1 ,085,816 

6.82 

789,1  73 

14.64 

!_/  Category  2--i ntermediate  winter  range,  retention  factor  50  percent; 
Category  3--critical  winter  range,  retention  factor  90  percent. 


Table  2  summarizes  interpolations  made  by  the  Landtype/Timber  Inventory  Task 
Force  from  wildlife  habitat  mapped  by  the  Wildlife  Task  Force.  Again,  location  of 
area  VCUs  is  a  factor  in  determining  amount  of  commercial  forest  land.  The  number  of 
acres  of  commercial  forest  land  within  each  administrative  area  is  influenced  by 
latitude.  Volume  of  timber  per  acre  is  generally  highest  in  the  southernmost  lati¬ 
tudes  (Ketchikan  Area),  with  volumes  gradually  decreasing  to  the  north.  This  factor 
is  reflected  by  the  percentage  of  each  administrative  area  in  commercial  forest  land: 
Ketchikan  41  percent,  Stikine  37  percent,  and  Chatham  27  percent.  Thus,  the  Ketchikan 
Area  has  the  largest  acreage  in  category  2,  intermediate  winter  range--l ,523,000  acres 
comprising  nearly  70  percent  of  the  commercial  forest  land.  On  the  other  hand, 

Chatham  leads  in  category  3,  lowland  winter  range,  with  404,000  acres,  or  20  percent 
of  the  CFL. 

The  Forest  total  for  category  2  and  category  3  winter  range  provides  an  interest¬ 
ing  insight  into  the  magnitude  of  deer  habitat  for  all  areas  combined.  The  total 
intermediate  winter  range  amounts  to  5,654,000  acres  or  roughly  36  percent  of  the 
total  forest;  this  includes  3,537,000  acres,  or  65  percent,  of  the  total  forest  CFL. 
For  category  3,  lowland  winter  range,  the  total  acreage  is  1,086,000,  or  7  percent  of 
the  totaf  forest  area,  including  789,000  acres  and  15  percent  of  the  CFL. 

ConcJtuA'ion 


It  should  be  recognized  that  an  inventory  of  this  magnitude  possesses  some  limita 
ti ons--pri rnari ly  involving  time  constraints,  the  large  size  of  area,  and  frequent^ 
demand  for  professional  judgment  in  lieu  of  detailed  information.  Nevertheless,  in  or 
mation  obtained  concerning  deer  and  habitat  should  provide  a  suitable  information  base 
for  resource  allocations  to  be  made  at  the  level  of  planning  for  which  this  inventory 
was  conducted. 
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Timber  Harvest  Methods  and  Objectives: 
a  digest  of  remarks  compiled  by  the  editors 


by 


John  Raynor 
USDA  Forest  Service 
Alaska  Region,  Juneau 


Timber  harvesting  began  in  southeast  Alaska  during  the  Russian  occupation  and 
continued  at  low  levels  in  the  early  years  after  the  American  purchase.  By  the  period 
1950-1960,  about  15-60  million  board  feet  (MMbf)  were  being  removed  from  the  Tongass 
National  Forest  annually.  In  1951,  a  contract  was  signed  with  Ketchikan  Pulp  Company 
(now  Louisiana  Pacific  -  Ketchikan  Division;  LPK)  to  provide  8.25  billion  board  feet 
over  50  years.  In  1956,  the  Alaska  Lumber  and  Pulp  Company  (ALP)  was  awarded  rights 
to  5.25  billion  board  feet  over  50  years.  A  third  contract,  now  held  by  Alaska  Wood 
Products  Company,  affiliated  with  ALP,  provides  693  million  board  feet  over  25  years. 

These  harvests  were  to  come  from  a  timber-land  base  of  about  4.9  million  acres 
and  an  annual  allowable  cut  (AAC)  of  1.2  billion  board  feet.  Land  withdrawals  from 
the  Tongass  commercial  timber  base  resulting  from  the  Alaska  Native  Land  Claims 
Settlement  Act,  State  land  selections,  and  the  final  Tongass  Land  Management  Plan  are 
expected  to  reduce  the  AAC  to  about  500  million  board  feet. 

Forest  Service  timber  managers  will  be  expected  to  meet  the  contractual  obliga¬ 
tions  from  the  remaining  harvestable  timber  on  the  Tongass.  While  the  Forest  Service 
classifies  commercial  timber  land  as  that  with  8,000  or  more  thousand  board  feet 
(scaled  volume)  per  acre,  the  average  volume  on  areas  cut  in  recent  years  has  been 
over  25,000  thousand  board  feet  per  acre. 

On  National  Forest  lands,  some  restrictions  will  be  imposed  to  protect  other 
resources.  These  regulations  will  not  apply  to  State,  Native,  and  other  private  lands. 


229 


Striking  a  Balance  Between  Timber  Production  and 

Maintaining  Deer  Habitat 


by 


Rai  Behnert 

Tongass  Land  Management  Plan  Coordinator 
USDA  Forest  Service,  Juneau 


In&wducXZon 


The  brief  analysis  that  follows  is  based  upon  a  review  of  resource  information 
supplied  by  the  Wildlife  and  the  Landtype/Timber  task  forces,  both  of  which  were 
formed  to  support  the  Tongass  National  Forest  Land  Management  Planning  effort.  The 
analysis  presents  some  preliminary  quantifiable  parameters  that  can  be  considered  in 
the  analysis  of  the  deer  habitat/timber  management  issue.  Utilization  of  such  avail¬ 
able  information  can  help  define  the  bounds  of  what  may  be  at  stake. 


A  66LumptdonA 


1.  Between  5.5  and  7.0  million  acres  of  the  Tongass  National  Forest  will  be 
allocated  to  land  use  designations  I  (wilderness)  and  II  (roadless  area  management). 
[Source:  Southeast  Alaska  Area  Guide,  Part  B.] 

2.  A  minimum  of  1.0  million  acres  of  the  total  5.5  million  acres  of  commercial 
forest  land  would  be  included  in  the  lands  that  will  be  allocated  to  land  use  desig¬ 
nations  (LUDs)  I  and  II.  Since  timber  harvest  is  not  permitted  on  lands  allocated  to 
these  LUDs,  no  foreseeable  effects  on  deer  habitat  are  anticipated. 

3.  A  maximum  of  4.5  million  acres  of  commercial  forest  land  would  be  available 
for  timber  harvest  purposes  on  the  lands  that  are  allocated  to  LUDs  III  and  IV  over 
the  next  135  years  (assumed  length  of  rotation  period).  This  would  permit  a  maximum 
of  33,000  acres,  or  .7  of  1  percent  of  the  available  commercial  forest  land,  to  be 
harvested  annually. 

4.  Even  if  4.5  million  acres  of  commercial  forest  land  are  allocated  to  LUDs  III 
and  IV,  it  is  unlikely  that  all  of  these  acres  would  be  harvested  over  a  rotation.  The 
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land  management  policies  stated  in  the  Southeast  Alaska  Area  Guide  would  have  to  be 
violated  to  do  so.  Thus,  harvest  of  the  4.5  million  commercial  forest  land  acres  can 
only  be  considered  a  theoretical  limit  that  does  not  include  necessary  reductions  to 
manage  for  other  than  timber  values. 


&Cvzn6 


1.  An  estimated  15  percent  (800,000  acres)  of  the  commercial  forest  land  is  con¬ 
sidered  critical  deer  winter  range.  [Source:  Wildlife  task  force  input  to  the 
Landtype/Timber  inventory.] 

2.  Sixty-five  percent  (3.5  million  acres)  of  the  commercial  forest  land  is  con¬ 
sidered  intermediate  deer  winter  range.  [Source:  Wildlife  task  force  input  to  the 
Landtype/Timber  inventory.] 

3.  A  total  of  4.3  million  acres,  or  78  percent,  of  the  total  commercial  forest 
land  could  be  considered  as  important  to  deer.  This  means  that  roughly  3  out  of  every 
4  acres  of  commercial  forest  land  on  the  Tongass,  or  25,000  of  the  33,000  acres  that 
could  theoretically  be  affected  annually,  could  affect  deer  to  some  degree. 

4.  An  average  of  roughly  20,000  acres  of  commercial  forest  land  have  been  har¬ 
vested  annually  since  1970. 


bJkolz  tofitet  AnaJtybiA 


Based  on  the  above  assumptions  and  givens,  about  .7  of  1  percent  of  the  important 
deer  habitat  could  be  affected  annually  if  timber  yields  are  maximized  without  con¬ 
sideration  of  other  resource  values.  Since  other  resource  values  will  be  considered 
in  the  management  of  the  forest  and  since  it  is  unlikely  that  timber  yields  could  be 
maximized  due  to  economic  factors  alone,  much  less  than  the  above  amount  of  habitat 
is  likely  to  be  affected.  I  would  estimate  that  between  .3  and  .5  of  1  percent 
(13,500  to  22,500  acres)  will  be  affected  annually.  Over  a  full  rotation,  this  could 
cumulate  to  between  20  and  50  percent  of  the  important  deer  habitat. 

Thus,  while  the  magnitude  of  the  effect  on  deer  habitat  may  be  fairly  small  in  a 
given  year,  the  cumulative  effect  over  many  years  could  be  substantial.  If  the  upper 

end  of  the  range,  or  half  the  habitat,  is  affected  over  the  long  run,  a  fairly  large 

trade-off  of  deer  habitat  to  satisfy  demands  for  timber  may  be  implied.  If  the  lower 

end,  or  about  20  percent,  is  affected,  then  the  implied  trade-off  would  be  much  lower. 

How  much  timber  is  harvested  annually,  where  timber  harvesting  actually  takes 
place,  how  well  the  interdiscipl inary  teams  design  timber  sales  in  relation  to  the 
habitat  needs  of  deer,  how  rapidly  our  knowledge  about  deer/logging  relationships  is 
expanded  and  how  public  demands  for  timber  and  deer  are  expressed  will  all  bear 
heavily  on  the  actual  balance  that  will  be  achieved  between  timber  production  and  the 
maintenance  of  deer  habitat.  I  am  optimistic  that  a  reasonable  balance  can  be  found. 

[E&ctotu1  Uotn:  Since  this  conference  on  Sitka  black-tailed 
deer  was  held,  the  USDA  Forest  Service  released  the  final 
environmental  statement  for  the  "Tongass  Land  Management  Plan." 

Copies  were  distributed  to  major  libraries.  Additional  copies 
may  still  be  available  from  the  USDA  Forest  Service,  P.0.  Box 
1628,  Juneau,  Alaska,  U.S.A.  99802.] 
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